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ABSTRACT 
 
 
The Biogeography of Marbled Godwit (Limosa fedoa)  
Populations in North America 
by 
Bridget E. Olson, Master of Science 
 
Utah State University, 2011 
 
 
Major Professor: Dr. Kimberly A. Sullivan 
Department: Biology 
 
 
We equipped 28 Marbled Godwit from four locations in North America with 
miniature satellite transmitters to determine migration routes, strategy, and connectivity.  
Godwits captured in Utah (n = 13) went to breeding sites in Alberta, Saskatchewan, 
Montana and North Dakota and wintered along the Baja Peninsula and west coast of 
mainland Mexico.  They used Bear River Migratory Bird Refuge (BRMBR), Utah as a 
stopover during both north and southbound migration.  Godwits captured on Akimiski 
Island, Nunavut, Canada (n = 7) migrated through the midcontinent USA and wintered at 
sites along the Gulf of California, Sonora, Mexico.  There is overlap in use of Mexico 
winter and stopover areas between the birds from Akimiski Island and those captured in 
Utah.  Godwits captured in Georgia on the Atlantic coast (n = 6) migrated to breeding 
grounds in North and South Dakota.  Godwits wintering along the Atlantic coast breed in 
close proximity to those originating from Mexico wintering sites and using BRMBR as a 
stopover.  Godwits tagged on Akimiski Island traveled significantly farther during 
southbound migration (3862 km) than did godwits tagged in Utah (2533 km) and Georgia 
iv 
 
 
(2204 km) (P < 0.001).  Godwits tagged in Utah traveled the shortest distance to the first 
stopover during southbound migration (670 km) (P < 0.001).  This short distance 
between stopovers is characteristic of  a “hopping” migration strategy, which is different 
than the intermediate “skipping” distances traveled by godwits from Canada (1925 km) 
and Georgia (2204 km), to their first stopover.  Utah godwits also had the shortest 
residency period on winter habitats (174 days) (P < 0.001).  Georgia godwits had the 
shortest southbound migration duration (2 days) (P < 0.02), the shortest residency period 
at breeding habitats (56 days) (P < 0.01) and the longest residency period on the 
wintering grounds (303 days) (P < 0.003).    
. 
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Public Abstract 
 
Biogeography of Marbled Godwit (Limosa fedoa)  
Populations in North America 
 
 
 The mission of the U.S. Fish and Wildlife Service (USFWS) is working with 
others to conserve, protect, and enhance fish, wildlife, plants, and their habitats for the 
continuing benefit of the American people.  Toward fulfillment of that mission, a priority 
of the USFWS is conservation and management of migratory birds.  Effective 
conservation actions to ensure the continued existence of a species on the landscape 
cannot be designed without first understanding basic life history characteristics of a 
species.  It is common in the case of migratory birds, that we lack understanding of some 
of their elemental biological traits.   
 
 The Marbled Godwit, Limosa fedoa, is one such species where we lack 
information and understanding of the birds ecology.  The Marbled Godwit has been 
identified as a species of high conservation concern by USFWS and its many partners.  
Concern is warranted as the estimated global population is relatively small (173,500) 
coupled with significant loss and degradation of its breeding and wintering habitats.  
However, in order to assess where to focus conservation action that would provide the 
most benefit to the overall population first we need to learn more about its population 
trends and ecology.   
 
 In this study, USFWS, Utah State University and many other partners propose a 
multi-year, $150,000 project to characterize the biogeography of Marbled Godwit 
populations.  Using the latest technology in miniature satellite transmitters, we will 
determine migration routes, timing, distances, speed and duration.  We will also 
determine the connectivity or the links between the major breeding, staging, wintering 
and stopover areas.  Unraveling this mystery will help us identify key habitats for 
protection and allow us to examine the risks or threats that each subpopulation is exposed 
to throughout the annual cycle.  The connectivity among and between disparate breeding 
subpopulations of North American Marbled Godwit is also the initial step in designing 
future studies to further understand population dynamics of the species. 
 
 
        Bridget E. Olson 
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CHAPTER 1 
INTRODUCTION 
 
 Many migratory shorebird species have experienced population declines over the 
past decades (Howe et al. 1989, Morrison et al. 1994, Brown et al. 2001).  Habitat loss, 
habitat alteration, pollution, and climate change (Page and Gill 1994, Rehfisch and Crick 
2003) have all been suggested as causal factors in continental and perhaps global scale 
ongoing population declines in this avian group (Stroud 2003, Bart et al. 2007).   
Shorebirds travel vast distances on migration often making transcontinental voyages 
(Johnson and Connors 1996, Harrington 2001, Driscoll and Ueta 2002, Gill et al. 2009).   
Over the course of their lives they may experience habitat degradation on any of the 
breeding, wintering or stopover sites that make up the network of habitats important to a 
migratory species.  Consequently, population abundance can be influenced by 
geographically separated events that occur during different periods of the year (Webster 
et al. 2002).  In order to understand the causes of population declines in shorebirds and 
take appropriate conservation actions, scientists, as a first step, need to have a clear 
understanding of the biogeography of the species in question.   
In the traditional sense, biogeography is the study of the geographic distribution 
of organisms (Lomolino et al. 2006).  Here, biogeographical components also include the 
extent to which species populations are subdivided and the location of specific wintering, 
breeding, and migratory stopover areas used by each sub-population.  This is not always 
straightforward as sub-populations may hop scotch down a coast with the individuals 
breeding the farthest north wintering the farthest south, and birds moving longitudinally 
as well as latitudinally during migration (Gill 2007).  Understanding this geographical 
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linkage between periods in the annual cycle or migratory connectivity has been regarded 
as crucial in devising effective conservation strategies for long distance migrants (Martin 
et al. 2007).  Unraveling the secrets of migratory connectivity (both spatial and temporal) 
allows us to consider how events in different stages of the annual cycle interact and 
influence subsequent events at the individual, and eventually, the population level 
(Webster et al. 2002).   
The U.S. and Canadian Shorebird Conservation Plans have identified the Marbled 
Godwit, Limosa fedoa, as a Species of High Concern (Donaldson et al. 2000, Brown et al. 
2001).  Reasons for concern include a relatively small global population (173,500 
Morrison et al. 2006), contraction of the breeding range and observed declines in 
breeding densities since 1900 (Palmer 1967 in Page and Gill 1994), poorly understood 
population trends and ecology and finally, significant habitat loss or degradation of its 
breeding and wintering ranges (Melcher et al. 2006).   
  The Marbled Godwit is a large shorebird in the Scolopacidae family with two 
recognized subspecies; Limosa fedoa fedoa and Limosa fedoa beringiae (Gibson and 
Kessel 1989).   The Marbled Godwit breeds only in North America but in three disparate 
areas: the prairies of mid-continental North America, and two widely separated tundra-
breeding populations at James Bay, Canada, and Ugashik Bay, Alaska, USA (Figure 1).  
The breeding range of Limosa f. fedoa is thought to include the prairies of north-central 
U.S. in the states of Montana, North Dakota, South Dakota and western Minnesota and 
south-central Canada including the southeastern quarter of Alberta, southern 
Saskatchewan and Manitoba (mid-continent population) and the southwestern coast of 
James Bay, Ontario/Quebec, including Akimiski Island, Nunavut, Canada located within 
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James Bay proper (Morrison et al. 1976, Gratto-Trevor 2000).  The James Bay area 
represents a coastline of over 900 km dominated by intertidal, supratidal and fen habitats 
with abundant wetlands (Abraham and Ross 2006).   Limosa f. beringiae  nests on the 
northeastern coast of the Alaska Peninsula near Ugashik Bay, Alaska within a narrow 
strip (80 km x 32-48 km) of inland lowlands from just north of Pilot Point south to Port 
Heiden (Gratto-Trevor 2000, Melcher et al. 2006, L. Tibbits personal communication) 
(Figure 1).   
 
 
 
FIGURE 1. Breeding and wintering ranges of Marbled Godwit.  (Adapted with 
permission from Gratto-Trevor 2000). 
 
 
 
Most of the mid-continent birds arrive on their breeding range from late April to 
early May and depart from late July through September.  Birds of the James Bay and 
Alaska populations arrive on their breeding range from late April to late May (median 25 
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May Akimiski Island, Ken Abraham personal communication), and depart between late 
August and late September (Melcher et al. 2006). 
An estimated 98% (170,000) of the breeding Marbled Godwits are part of the 
mid-continent subpopulation while an estimated 1500 breed in southern James Bay and 
the remainder (2000), in northeastern Alaska (Morrison et al. 2006).   
           The major winter ranges include the Atlantic, Pacific and Gulf coasts of the United 
States and Mexico (Figure 1).  Wintering Marbled Godwit are found regularly along the 
Atlantic Coast in North Carolina, South Carolina, Georgia and Florida.  Relatively few 
sites host from 140-1000 godwits in these states (Winn et al. 2006).  U.S. and Mexican 
states along the Gulf of Mexico also host relatively small concentrations of wintering 
Marbled Godwit from 45 to 2100 birds per site (Melcher et al. 2006).  The Gulf of 
California and Pacific Coast of Mexico hosts up to 9100 in the Rio Colorado delta 
(Mellink et al. 1997) and 4000 along the coast of Nayarit.  The greatest wintering 
concentrations are found from central California to central Baja Mexico where sites 
typically host 1100-17,000 godwits (Melcher et al. 2006).  The Laguna Ojo de 
Liebre/Guerrero Negro wetland complex located on the Pacific coast of the Baja 
Peninsula, hosts upwards of 69,000 Marbled Godwit (Page et al. 1997).  This represents 
about 40% of the estimated global population making it the single-most important 
wintering site.  
Migration routes, timing and stopover sites utilized by each of the three breeding 
subpopulations are not well understood.  Some migration takes place through the mid-
continent and along both coasts as evidenced by concentrations of godwits in Kansas, 
California, and North and South Carolina and Georgia during migration season (Skagen 
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et al. 1999).  There is some evidence that birds from the midcontinent breeding 
population winter or migrate along the Pacific coast (Luther 1968, Kelly and Cogswell 
1979, Gibson and Kessel 1989, Gratto-Trevor 2000, Melcher et al. 2006, Gratto-Trevor 
pers. comm.).  There has been supposition that the southern James Bay, Canada breeding 
population migrates through eastern U.S. and winters along the Atlantic Coast, while the 
Alaska breeding population is thought to winter on the Pacific coast from Willapa Bay, 
Washington to San Francisco Bay, California (Morrison et al. 1976, Gibson and Kessel 
1989, Gratto-Trevor 2000, Melcher et al. 2006).   
  However, a large proportion of North America’s Marbled Godwit population (up 
to 43,000) travel a previously undetermined route through the western U.S. to stop at 
Bear River Migratory Bird Refuge and adjacent freshwater wetlands located in the 
northeast arm of Great Salt Lake in Utah (Refuge records unpublished and author 
personal observation).   
  Shuford et al. (2002a) examined spring and fall shorebird distribution in the 
Intermountain West of the U.S.  They found that 86% of all Marbled Godwits observed 
in the region in the fall were at Great Salt Lake.  The large numbers of godwits (median 
13,647) counted in this regional survey as well as the fall average 15,400 counted during 
the Great Salt Lake shorebird survey (Paul and Manning 2002) have led to the 
recognition of Great Salt Lake as the largest interior staging area for Marbled Godwit in 
North America.  Outside the breeding range, the only major stopover east of Utah is 
Cheyenne Bottoms Wildlife Management Area, Kansas hosting a peak count of about 
3,000 in the spring (Skagen et al. 1999).   
  Though the distribution of Marbled Godwit populations and their habitats across 
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the landscape are generally known, the links between them are not.  In the Conservation 
Plan for the Marbled Godwit (Melcher et al. 2006) authors identified the need to 
determine the linkages between specific wintering, breeding, and migratory stopover 
areas used by each sub-population as a priority for research.  Understanding how Marbled 
Godwit populations are distributed across the landscape during the non-breeding season 
and during migration helps identify those habitats that support large proportions of the 
population and are therefore crucial for long-term survival of the species.   
  Unraveling this mystery will help us identify key habitats for protection and 
assess current protection and/or management status based on magnitude of importance to 
specific breeding sub-populations.  Further, understanding linkages between spatially 
disparate key habitat areas for each godwit sub-population will allow us to examine the 
risks or threats that each sub-population is exposed to throughout the annual cycle.  
 The primary goal of the project was to characterize the biogeography of Marbled 
Godwit populations in North America using miniature satellite transmitters.  The 
objectives were twofold: (1) to determine north and south-bound migration strategies for 
four godwit sampling groups including migration routes, distances traveled , arrival and 
departure dates, speed of flight, number of stops during migration, and stopover duration 
or length-of-stay and, (2) to determine migratory connectivity of major breeding, staging 
and wintering areas of North American Marbled Godwit.  Auxiliary to these objectives 
morphometric data were collected and summarized by capture site as there is little 
published information on these measurements. 
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CHAPTER 2 
METHODS 
 
Satellite transmitters have been used to track animal movements since the mid-
1980s, though the large size (7 cm x 18 cm) and hefty weight of these early generation 
transmitters (> 2000g) restricted their use to large terrestrial mammals (Harris et al. 
1990).  As the size and weight of these transmitters was reduced over the years, the range 
of species tracked expanded to include progressively smaller avian species from swans 
(Ely et al. 1997), geese (Butler et al. 1998) and raptors (Martell et al. 2001), to ducks 
(Miller et al. 2005) and sea birds (Adams and Flora 2010).  Driscoll and Ueta (2002) with 
their study of the Eastern Curlew, Numenius madagascariensis, in Australia, were the 
first to extend the use of satellite platform transmitting terminals (PTTs) to shorebirds.  
Recent advances in satellite technology have resulted in the availability of even smaller 
(5 – 22g) PTTs that can be used to track movements of birds with masses as little as 300-
400g, such as the Marbled Godwit.   
STUDY AREAS 
Marbled Godwits were captured from study areas likely to represent two of the 
three breeding subpopulations:  midcontinent (prairie), North America, and southern 
James Bay, Canada.  Limited funding precluded the inclusion of the Alaska breeding 
subpopulation in the study.   
Godwits were captured from four locations in North America:  1) Bear River 
Migratory Bird Refuge at Great Salt Lake, Utah, a major staging area; 2) San Blas, 
Nayarit, Mexico, a wintering site; 3) Akimiski Island, Nunavut, southern James Bay, 
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Canada, a breeding population; and 4) Atlantic Coast, USA at the Altamaha River Delta, 
Georgia, a wintering site.   
Birds thought to be part of the midcontinent population were captured at Bear 
River Migratory Bird Refuge and San Blas, Nayarit, Mexico, and/or Altamaha River 
Delta, Georgia.  Birds believed to represent the southern James Bay population were 
captured at Akimiski Island, Nunavut, Canada, and/or Altamaha River Delta, Georgia. 
Bear River Migratory Bird Refuge, Utah, USA 
Bear River Migratory Bird Refuge (BRMBR) near Brigham City, UT located in the 
northeast arm of the Great Salt Lake (GSL) (41.443N, 112.218W), encompasses roughly 
30,000 hectares.  Administered by the U.S. Fish and Wildlife Service (USFWS) Bear River 
Refuge is the largest freshwater component of the GSL ecosystem and annually hosts large 
populations of Pacific and Central Flyway waterfowl, shorebirds and other waterbirds (ibis, 
grebes, and pelicans).  The GSL and BRMBR in particular is recognized as the most 
important godwit staging area in North America (Shuford et al. 2002a, Skagen et al. 1999).  
Bear River Migratory Bird Refuge, in conjunction with other portions of the GSL, is 
designated as a Hemispheric site in the Western Hemisphere Shorebird Reserve Network.    
Administered by Manomet Center for Conservation Sciences, Manomet, MA, 
Western Hemisphere Shorebird Reserve Network (WHSRN, pronounced "whissern") is the 
conservation strategy to protect key habitats throughout the Americas in order to sustain 
healthy populations of shorebirds.  Participation in the network is voluntary.  All entities 
committed to advancing WHSRN’s mission whether they be private, business, non-profit or 
government agency, are eligible to participate.  Sites are nominated for one of three 
categories of designation according to importance to shorebirds: Hemispheric Importance (> 
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500,000 shorebirds annually or at least 30% of a species’ biogeographic population); 
International Importance (at least 100,000 shorebirds annually or at least 10% of a species’ 
biogeographic population); and Regional Importance (at least 20,000 shorebirds annually or 
at least 1% of a species’ biogeographic population) (MCCS 2008).  The U.S. Fish and 
Wildlife Service recognizes WHSRN as an important tool in the conservation of shorebirds.   
 
Akimiski Island, Nunavut, Canada 
 
 Akimiski Island is the largest island in James Bay (a southeasterly extension of 
Hudson Bay) Nunavut, Canada (53.105N, 80.956W).  The Island has an area of 3001 
km
2
.  The eastern half of the island was designated a Migratory Bird Sanctuary in 1941.  
Distribution of breeding Marbled Godwits has been assessed in southern James Bay, 
including Akimiski Island, by the Ontario Breeding Bird Atlas (1981 – 1985, 2001 – 
2005).  The highest observed densities in southern James Bay, occur on Akimiski Island 
(0.5-1.0 pairs per linear km).  About 150 pairs of marbled godwits are estimated to breed 
on Akimiski Island (Abraham and Ross 2006).   
 
San Blas, Nayarit, Mexico 
The city of San Blas (21.541N, 105.284W) is a municipality and municipal seat 
with a population of 8700 people located on the Pacific coast of Mexico in the state of 
Nayarit.  It is located about 160 km north of Puerto Vallarta, and 64 km west of the state 
capital Tepic.  San Blas is located in the southern-most portion of the Marismas 
Nacionales.  The Marismas Nacionales is a 220,000 hectare coastal mangrove and marsh 
complex spanning coastal regions of the Mexican states of Sinaloa and Nayarit along the 
Gulf of California (21.551N, 105.312W) and is recognized as a site of International 
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Importance by WHSRN.  It has been estimated that about 4000 Marbled Godwits winter 
in this area (Melcher et al. 2006).   
 
Georgia, Atlantic Coast, USA 
 
Small numbers (40 – 960) of Marbled Godwits, winter along the Atlantic Coast 
from Florida to North Carolina (Melcher et al. 2006).  The Altamaha River is the largest 
river system east of the Mississippi.  The 8549 hectare delta, where the Altamaha River 
meets the Atlantic Ocean off the coast of Georgia, is recognized as an important 
wintering site for Marbled Godwit (Melcher et al. 2006,Winn et al. 2006) and a Regional 
WHSRN site.  The Altamaha River delta is one of two areas that support the majority of 
the coastal Georgia wintering population of godwit.  The delta area includes the islands 
of the Altamaha River mouth, Wolf Island National Wildlife Refuge, Little Egg Island 
Bar, and Little St. Simon’s Island (31.290N, 81.281W).  Winter counts of Marbled 
Godwit in Georgia average 324 (Winn et al. 2006).   
CAPTURE 
We captured Marbled Godwit using several methods; mist nets, leg-hold noose 
mat, and cannon net.  Mist nets were used to capture Marbled Godwits at Bear River 
Migratory Bird Refuge, UT, Akimiski Island, Nunavut Canada, and San Blas, Nayarit 
Mexico.  A single godwit was also captured with a leg-hold noose mat (following Mehl et 
al. 2003) on Akimiski Island.  A canon net (Dill and Thornsberry 1950) was used to 
capture roosting Marbled Godwit at Little St. Simon’s Island, Georgia.   
Marbled Godwits at Bear River Refuge, a migration stopover site, exhibited high 
site fidelity to feeding and roosting sites.  Birds flushed from an area via human on foot, 
an airboat or a flyover from a Northern Harrier, Circus cyaneus, would return within 
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minutes (< 10).  We noted flight paths to and from a site to determine patterns.  From one 
to six mist-nets (12 m x 30 mm mesh), were deployed in a variety of configurations 
including V-shape, U-shape, and straight line, in order to span flight paths to and from 
foraging and roosting sites.  From one to eight, wooden decoys in the shape and color 
pattern of Marbled Godwit were placed within six feet of the mist nets on the upwind side 
to instill “confidence” in this highly social bird.  Godwits were then herded or “twinkled” 
toward the mist-nets by persons on foot or by airboat and were either startled or flushed 
into nets when the subject bird(s) were within what we determined a close enough 
distance (1-2 m) that they couldn’t maneuver around or over the mist nets and would 
become entangled.  Successful mist-netting operations were conducted during daylight 
hours (08:00 – 18:00 MST).   
 On Akimiski Island, Marbled Godwit pairs exhibited high site fidelity to small, 
freshwater, wetlands along the north coast.  Flushed pairs would move to another portion 
of the same wetland or an adjacent wetland upon disturbance.  Mist nets were deployed to 
intercept a flight pathway which usually resulted in a setup in a manner that was 
perpendicular to the wetland shoreline.  The pair was twinkled toward the nets from the 
downwind side of the net array by two to three persons walking slowly enough that the  
birds would walk toward the mist nets instead of take flight.   
Following capture, godwits were marked with an alpha-numeric plastic color 
band (Darvic, 1.5 mm thick by 15mm height) (red with white font-UT, white with black 
font-Canada, yellow with black font-Georgia, blue with white font-Mexico).  The birds 
received a color band on each tibia with a duplicate alphanumeric code.  The color bands 
had beveled, overlapping ends.  The ends closed securely enough that no glue was 
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needed.  A metal (steel) band issued by the United States Geological Survey (USGS), 
Bird Banding Lab (BBL) was placed on the right, lower leg (tarsus).  Morphometric 
measurements such as mass (g) wing length (flattened), culmen (exposed), and tarsus 
(mm) was recorded.  Weights of three birds from Akimiski Island in 2008 were not 
collected.  A combination of mass, culmen, and wing length measurements were used to 
assign sex at Bear River Refuge, Georgia and Mexico following Gratto-Trevor (2000) as 
the birds did not exhibit sexual dimorphic characteristics at the time of capture.  Bill color 
and plumage patterns were used in combination with mass, wing and culmen 
measurements on Akimiski Island to assign gender. 
TELEMETRY 
We selected solar, platform transmitting terminals (PTTs) (100 model), 
(Microwave Telemetry, Incorporated, Columbia Maryland) for use in our project.  The 
smallest size and weight available at the onset of the project (2006) were 12g (43 mm x 
18 mm x 14 mm).  Satellite transmitters weighing 9.5 g (38 mm x 17 mm x 12 mm) 
became available from Microwave Telemetry in early 2006.  All birds captured after 
spring 2006 received the smaller PTT to decrease any possible, negative effects of 
excessive weight to the birds.  The harness system, shrink wrap tubing and foam, added 
two to four grams of weight to the PTT. 
To reduce the weight of the transmitter and to increase the height of the PTT solar 
panel while on the birds back, we replaced the neoprene pad that came pre-attached to the 
unit, with a closed-cell foam pad (21 mm x 40 mm x 10 mm).  The foam was glued to the 
PTT with contact cement (Dap Weldwood ®).  The transmitters were permanently 
preprogrammed to turn on for 6 to 10 hours and turn off for 24 to 48 hours, year-round.  
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As the PTTs were solar powered, they had to meet a minimum voltage threshold in order 
to transmit locations to a passing satellite during their designated ‘on’ period.  Therefore, 
bird locations were not always transmitted during an on cycle, especially in times of 
prolonged overcast conditions. 
Platform Transmitting Terminal Application 
  Transmitters were applied to the birds using a modified leg loop system as 
described by Mong and Sandercock (2007).  From 2006-2008, we used round, beading 
cord elastic (Stretchrite
TM
) either black (3960) or white (3612W) for the harness material.  
In May of 2008 we switched to flat (3.15 mm width), soft stretch elastic (Stretchrite
TM
) 
either black or white (3402W).  We thought the wider, flat elastic might improve PTT 
retention duration.   
A 410 mm length of elastic was cut for the harness.  The harness was halved over 
the front bracket with a half hitch knot.  Leaving an 80-85mm length of elastic to make a 
leg loop, one half of the elastic was then secured to the left, side bracket of the PTT with 
a series of five over hand knots pulled tight.  Any excess elastic, after knots were tied, 
was cut off.  In 2006 and 2007 we treated the knots with several drops of cyanoacrylate 
adhesive (Krazy Glue®) to ensure the knots would not unravel.  However, in 2008 we 
discontinued use of this adhesive after discovery that it made the knots brittle and subject 
to breaking away from the PTT bracket.   
A piece (12 mm x 5.1 mm) of heat shrink tubing (Gardner Bender 
TM
) was heated 
and melted over the knots to protect from unraveling and minimize sun damage.  The 
heat shrink tubing for the remaining leg loop was cut and threaded on the elastic which 
was then tied loosely to the other side bracket for transport to the field.   
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To attach a PTT upon capture, the bird was held in an upright position with both 
legs free.  We slid the pre-formed loop around one leg first.  The loop was positioned so 
the elastic lay flat against the birds’ body within the crease between the body and the top 
of the thigh.   The PTT was positioned over the synsacrum, behind the wings and above 
the uropygial gland (Mong 2005).  The opposite leg was placed through the second loop 
with the unsecured knot.  Any, excess slack in the harness from the pre-formed loop was 
pulled over to the unsecured side by adjusting the half hitch knot on the front bracket of 
the PTT.   The second loop of the harness was then pulled snug enough so that only about 
one finger width (1.5 - 2.0 cm) could be inserted between the birds’ back and the PTT.  
Once snugged, the second loop was tied to the PTT in a single, temporary, over-hand 
knot.   Once the harness was fitted to the bird, we rotated the bird to the side or upside 
down.  Using a small headed (size D), plastic, crochet hook, we pulled feathers from 
under the elastic so they were situated around the appropriate feather tract and the harness 
fit snugly against the body and in the leg crease.  The bird was positioned right side up 
and the harness fit was checked again.  If harness fit was satisfactory, the remaining knots 
were tied and the shrink tubing applied.  We clipped 1-3 cm from the tips of the birds’ 
nape and tertial feathers to maximize light exposure of the PTT solar panel. 
Banding, measurement activities and application of the PTT harness system were 
all conducted in the field, at or near the capture locale.  Birds were usually released back 
into the wild within 20 minutes of capture. 
All birds were monitored until the PTT stopped transmitting or the activity sensor 
indicated lack of activity or movement.  The PTTs were not equipped with a mortality 
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sensor.  We could not distinguish between when a bird had died and when the PTT had 
just fallen off.   
Once the godwits were released, no attempt was made to relocate them from the 
ground (other than godwit 61984) to observe whether they were engaging in normal 
activities.  Therefore, godwits that migrated to or remained on the breeding grounds post-
capture were assumed to engage in normal breeding activities.     
Satellite Location Data 
 We used the Argos satellite-based location and data collection system (Argos Inc. 
2008), including multisatellite service with standard and auxiliary location processing, to 
monitor Marbled Godwit movements.   Argos calculates transmitter locations from the 
Doppler shift in transmit frequency received by the satellites as they approach and then 
move away from the PTT.  Argos classifies the accuracy of each location based on 
satellite-to-PTT geometry during a satellite pass, the number of transmissions (messages) 
received from the PTT during a satellite pass, and the stability of the PTT transmission 
frequency (Miller et al. 2005).  Location classes (LC), indicating location accuracy, are 
assigned as 3, 2, 1, and 0.  When four or more locations are received from the PTT during 
a satellite overpass, the location is classified as 3 (within 250 m), 2 (a range of 250-500 
m), 1 (a range of 500-1500 m) or 0 (greater than 1500 m) (Argos Inc. 2008).  Thus, the 
error estimate for a LC 3 is narrower (higher accuracy) than for an LC 0.  Accuracy 
estimates are not provided if less than four messages are received.  These locations with 
less than four message are coded LC A when three messages are received, LC B when 
two messages are received, and Z (invalid location; latitude/longitude often provided if > 
1 message received) (Argos Inc. 2008).  Argos expresses accuracy as the probability that 
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68% of the locations (1 σ) will fall within stated limits; therefore, high quality locations 
might be inaccurate, while those of poor quality might be very accurate (Britten et al. 
1999, Hatch et al. 2000, Hays et al. 2001 in Miller et al. 2005).  Argos also runs four 
plausibility tests to validate locations.  Two tests must be positive for the location to be 
validated.  These test results are expressed in the data as Number of Plausibility Checks 
that are successful (NOPC 0 - 4) (Argos Inc. 2008).   
Individual platform performance measures such as temperature, battery voltage 
level, and activity counter were also provided.  These parameters were examined to 
determine final transmission date when a PTT indicated lack of activity.  This lack of 
activity could have been a result of either death of the bird or a stationary transmitter due 
to the bird shedding the PTT. 
 Argos raw data was manually downloaded from ArgosWeb (https://www.argos-
system.org) via the internet at < 9 day intervals.  Data access via ArgosWeb is free to 
Argos users.  However, no data are archived thus only data from the last 9 days plus the 
current day are available.   
 Downloaded Argos data usually included >1 useable location per bird in a 
transmission day.  As multiple locations within a transmission cycle are not considered 
independent (Petersen and Douglas 1995) a set of decision criteria (1-6)  following Miller 
et al. (2005) were used to select a single location that best represented each bird each 
transmission-day (“best of day”) for identification of important habitats.  (1)The Argos 
location(s) with the highest quality precision index (LC 3, 2, 1, and 0) was favored.  
Where several locations of similar accuracy occurred in a cluster, we favored the one (2) 
closest to the previous or subsequent selected location, (3) the one with the largest NOPC 
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index, (4) the one with the largest number of messages, and the one (5) most biologically 
plausible based on topographic maps.  We (6) considered locations of poor quality (LC 
A, B and Z) only if redundant with previous or subsequent locations and were 
biologically plausible (see explanation under Speed of Flight section below).   
Transmitter Collection Efficiency 
We used two indices to describe individual transmitter collection efficiency; Day 
and Location.  A Day index was calculated by summing the number of days on which we 
received >1 useable location(s) divided by the potential number of days on which a 
location could have been received (Miller et al. 2005).  Number of useable locations for 
the Day index included all location accuracies 3, 2, 1, 0, A, and B.  Location 0, A and B 
were considered useable if redundant to subsequent or previous locations, or if used to 
describe a migratory route, where determined biologically plausible.   
The Location index was the total number of unique locations obtained divided by 
the total hours of transmission (Harris et al. 1990) over the life of the PTT.  The latter 
index correlates to the probability of obtaining a location during each hour of 
transmission time.  Both indices accounted for differences in duty cycles among PTTs.   
MIGRATION STRATEGY 
Migration Routes and Distances 
We plotted best of day and in-flight migration locations in ArcMap ® (see DATA 
ANALYSES section) for each Marbled Godwit.  We identified and summarized 
migration routes for each group of tagged godwits (Utah, Akimiski Island, Mexico, and 
Georgia) by latitude and longitude.  Distances were calculated between best of day 
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locations for each segment over the entire route of migration; the total migration distance 
was the sum of these segments (Martell et al. 2001).    
Migration Phenology and Stopover Duration   
The total time of migration was calculated in days using the best estimate of 
departure and arrival dates.  As the PTTs did not transmit continuously, departure dates 
were calculated using the median date (and/or date and hour) between the last signal at 
the previous location and the first signal on migration or at new destination.  Date of 
arrival at next habitat area was calculated using the same method, but if there was more 
than a 10-day gap between departure and arrival location, we did not calculate departure 
or arrival dates or length of stay for those individuals (Martell et al. 2001).  Residency at 
en-route stopovers was determined by calculating the time elapsed between the first 
signal at the stopover and first signal at subsequent destination or location while in flight. 
Speed of Flight 
Due to continuous forward travel, it is not possible to calculate multiple Argos 
points at each location for Marbled Godwits in flight.  Therefore, all non-duplicate 
locations for birds in flight were maintained in the dataset and plotted to determine 
migration routes.  Following Miller et al. (2005) we plotted individual flight paths using 
all PTT locations acquired while the bird was flying.  The flight path was determined by 
examining successive location points during a single transmission period.  We 
selected/included only those location points that best defined the flight path (same 
general direction/heading).  As locations during flight are often comprised of low 
accuracy data points (LC 0, A, B, or Z) rejection criteria were applied to remove 
erroneous locations.  Locations were rejected if the point deviated from the general line 
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of flight (distinct change of direction, then return to flight path in subsequent location) or 
location or movement too fast to be biologically plausible (> 100 km/hr) between points. 
Speed of travel during flight (km/hr) was determined by dividing the distance 
between two Argos locations by the intervening time interval.  Flight speed calculations 
are equivalent to velocity on the ground.  No attempt was made to calculate actual flight 
speed in which one must take into account the effects of wind velocity and condition (tail 
or head) at appropriate altitudes (Liechti et al. 1994). 
MIGRATORY CONNECTIVITY 
We plotted best of day and in-flight migration locations in ArcMap ® (see DATA 
ANALYSES section) to assign each tagged group by locale (BRMBR, Akimiski Island, 
Mexico, and Georgia) to a breeding sub-population, specific wintering and stopover 
areas.  We identified habitat areas and timing of overlapping use by different breeding 
subpopulations of Marbled Godwit. 
DATA ANALYSES 
We used ArcMap ® (Environmental Systems Research Institute Inc., Redlands, 
California) to analyze and plot the best of day locations to delineate migration routes, 
identify wintering, breeding and stopover locations, calculate length of stay, and mean 
departure and arrival dates at important habitats.  A straight line was assumed to delineate 
migration routes between actual location points. 
We used chi-square goodness of fit to test for significance of flight time start 
categories (P < 0.05).  We used unpaired (two-tailed) t test for significance (P < 0.05) 
between, male and female southbound migration distances, significance between 
northbound and southbound migration rates of flight speed, and flight speed by sex.  We 
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also used one-way ANOVA to test for significance (P < 0.05) between southbound 
migration distances, southbound migration durations, distance to first stopover site during 
southbound migration, residency periods on breeding and wintering sites, number of 
wintering sites used between godwits from three of the four capture sites as well as 
transmitter performance measures between different duty cycles.  Further, we used 
unpaired (two-tailed) t test as a post hoc test to find out which of the multiple 
comparisons between our godwit sampling groups was significantly different (P < 0.05).  
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CHAPTER 3  
GENERAL RESULTS 
CAPTURE 
Twenty-eight Marbled Godwits (16 male, 12 female) were captured and equipped 
with solar, platform transmitter terminals (PTTs), from four locations in North America, 
2006 – 2008.  We applied three 12 g and twenty-five 9.5 g transmitters to godwits (Table 
1).  Our initial intent was to put PTTs only on godwits with a large enough body mass 
that the weight of the PTT equated to only 3% of the birds’ total body weight as 
recommended by USGS BBL.  However, we had to lower the weight threshold in some 
locales based on the range of mass of captured birds.  The weight of the PTT and harness 
we used represented from 3.0 – 5.0 % of the total body mass.  Fifteen godwits received 
PTTs that represented 3.0 – 4.0 % of their body weight, while seven had PTTs from 4.1 – 
4.5% and three received PTTs that represented 4.5 – 5.0% of their weight.  Morphometric 
measurements by individual birds is in Table A1 (appendix).  A summary of 
morphometric measurements by capture location is in Table A2.   
Thirteen Marbled Godwits (eight male, five female) were captured and fitted with 
PTTs at Bear River Migratory Bird Refuge, Utah during April, July, August and 
September 2006 – 2008 (Table 1).  Two male godwits were captured and fitted with 
PTTs near San Blas, Nayarit, Mexico in January 2007.  We captured seven godwits (four 
male, three female) on Akimiski Island, Nunavut, Canada in June 2007 and May 2008, 
while six godwits (four female, two male) were captured at Little St. Simons’ Island, 
Altamaha River Delta, Georgia, in November and December 2008 (Table 1). 
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TABLE 1.  Capture location, year, sex, body mass and transmitter weight of Marbled 
Godwit equipped with PTTs in North America 2006-2010. 
 
__________________________________________________________ 
 
PTT                  Capture                    Weight (g) 
ID  Sex     Locale   Year           PTT            Bird  
         _______________________________________________________ 
  61984A   F Utah     2006  12.0 402.0 
  61985  M   Utah     2006      12.0 402.4 
  61986  M   Utah     2006      9.5 326.7 
  61987  M   Utah      2006      9.5 326.1 
  61989  M   Utah     2007      9.5 340.0 
  70539  F  Utah     2007       9.5 396.0 
  61984B   F   Utah     2007       12.0 429.0 
  70536    F    Utah     2007       9.5 414.0 
  70538    F    Utah     2007       9.5 422.0 
  80796  M    Utah     2008      9.5 274.0 
  75690  M    Utah     2008      9.5 322.0 
  84207  M    Utah     2008      9.5 292.0 
  84208  M    Utah     2008      9.5 354.0 
  70537  M  Mexico     2007      9.5 280.0 
  61988  M   Mexico     2007      9.5 338.0 
  75687  M    Canada     2007      9.5 320.0 
  70540     M    Canada     2007      9.5 326.0 
  75688  F    Canada     2008  9.5     - 
  70541  F   Canada     2008       9.5     - 
  75689     M    Canada     2008      9.5     - 
  80794  M    Canada     2008      9.5 350.0 
  80795  F    Canada     2008       9.5 420.0 
  80797  M   Georgia    2008      9.5 304.0 
  84201  F  Georgia    2008       9.5 375.0 
  84202  F    Georgia    2008       9.5 367.0 
  84203  M    Georgia    2008      9.5 319.0 
  84204  F    Georgia    2008       9.5 376.0 
  84205  F    Georgia    2008       9.5 386.0 
__________________________________________________ 
 
TELEMETRY 
Satellite Location Data  
 In total 15,477 locations over 6897 tracking days, covering every month of the 
year, were received from PTTs on 28 Marbled Godwits over the entire project tracking 
period (2006-2010) (Table 2).   
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TABLE 2.  Total, range and mean number of tracking days, and total satellite data 
locations collected from 28 Marbled Godwits equipped with PTTs from four locales in 
North America, 2006 – 2010. 
 
_____________________________________________________________ 
              Tracking 
Tracking Capture        Total             Days                  Total          
   Years  Locale Birds  Days         xˉ   (range)           Locations     
______________________________________________________________ 
2006 – 2010 Utah     13 3,223      248   (49-522)  6,636   
2007 – 2008 Mexico     2    502      251 (117-385)     819  
2007 – 2009  Canada     7 1,606      229     (5-386)   3,801  
2008 – 2009 Georgia    6 1,566      261 (150-392)   4,221  
Total    6,897      246     (5-522) 15,477  
______________________________________________________________ 
 
Eleven individuals were tracked in a single year, 16 were tracked in two different  
years and one was tracked in three different years (Table 3).  Twenty-three PTTs (82%), 
transmitted spring data (Sp), (two into the second spring after attachment), 20 PTTs 
(71%) transmitted breeding season (B) data (two into the second breeding season after 
attachment), 19 PTTs (68%) transmitted fall data (F) (three into the second fall after 
attachment), while 18 PTTs (64%) transmitted wintering data (W) (four into the second 
winter after attachment (Table 3). 
Twelve tagged godwits captured at BRMBR transmitted spring data (two into 
second spring after attachment), ten PTTs transmitted breeding season data (two into the 
second breeding season after attachment), eight PTTs transmitted fall data (four into 
second fall after attachment), while six transmitted winter data (one into second winter 
after attachment) (Table 3).  Both Mexican godwit PTTs transmitted winter and spring 
data (one into the second winter), while only one transmitted breeding and fall season  
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TABLE 3.  Seasonal transmission period by individually tagged Marbled Godwit from 
four locations in North America, 2006 – 2010. 
_____________________________________________________________________________ 
 
                    Tracking                 
PTT Capture                Dates         Duration    Seasonal 
ID Locale          Deploy        Final            (days) Transmission Period
1
  
________________________________________________________________ 
61984A   Utah      13 Apr 06 –     19 Jun 06 67 Sp    
61985    Utah      19 Apr 06 –  26 Aug 06 129 Sp, B 
61986   Utah      04 Aug 06 – 09 Jun 07       172 F, W, Sp 
61987    Utah       06 Aug 06 – 16 Sep 07       406 F, W, Sp, B, F 
61989    Utah      11 Apr 07 – 16 Apr 08 369 Sp, B, F, W, Sp 
70539   Utah      12 Apr 07 –  29 Jun 07 78 Sp, B 
61984B     Utah      13 Apr 07 –  02 Oct 07 172 Sp, B, F 
70536        Utah      14 Apr 07 –  15 Nov 07 215 Sp, B, F 
70538       Utah      14 Apr 07 –  19 Feb 08  311 Sp, B, F, W 
80796     Utah      12 Apr 08 –    16 Sep 09 522 Sp, B, F, W, Sp, B, F 
75690     Utah      14 Apr 08 –  27 Jul 08 100 Sp, B 
84207     Utah      30 Sep 08 –  17 Nov 08 49 F 
84208     Utah      30 Sep 08 –  06 Feb 10 495 F, W, Sp, B, F, W 
70537   Mexico      28 Jan 07 –  17 Feb 08 385 W, Sp, B, F, W 
61988   Mexico      31 Jan 07 –  27 May 07 117 W, Sp 
75687     Canada      01 Jun 07 –  29 Aug 07 89 B, F 
70540        Canada      06 Jun 07 –  11 Jun 07 5 - 
75688    Canada      25 May 08 –   10 Mar 09 289 B, F, W 
70541     Canada      26 May 08 – 26 Sep 08 123 B, F 
75689         Canada      26 May 08 –   16 May 09 355 B, F, W, Sp 
80794     Canada      27 May 08 –   21 May 09 359 B, F, W, Sp 
80795     Canada      27 May 08 –   15 Jun 09 386 B, F, W, Sp 
80797     Georgia      20 Nov 08 –    07 Jun 09 199 W, Sp 
84201    Georgia      20 Nov 08 –    19 Apr 09 150 W, Sp 
84202     Georgia      20 Nov 08 –    08 May 09 169 W, Sp 
84203     Georgia      20 Nov 08 –    17 Dec 09 392 W, Sp, B, F, W 
84204     Georgia      03 Dec 08 –  13 Dec 09 375 W, Sp, B, F, W 
84205     Georgia      03 Dec 08 –    28 Sep 09 281 W, Sp, B, F 
_________________________________________________________________ 
1
 Sp = Spring, B = Breeding , F = Fall, W = Winter 
 
data.  However, the godwit with the PTT that transmitted the breeding and fall season  
locations, did not migrate.  This godwit remained in Mexico during the entire 
transmission period.  Six godwits from Canada transmitted breeding and fall season data 
(one into the second breeding season after attachment); four PTTs transmitted winter 
data, while three transmitted spring data (Table 3). 
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All six PTTs from Georgia transmitted winter and spring data (two into second 
winter after attachment), while three PTTs transmitted breeding season and fall data.  
Though all six GA tagged godwits provided spring data, only four provided spring 
migration data as two birds never left the Atlantic coast before they either died or the 
PTT fell off (Table 3). 
We received 1535 (9.9%) locations of Location Class (LC) 3 (accuracy within 
250 m), 2763 (17.9%) of LC 2 (accuracy range 250 – 500 m), 4308 (27.8%) of LC 1 
(accuracy range 500 – 1500 m), 4584 (29.6%) of LC 0 (accuracy range > 1500 m), 1088 
(7.0%) of LC A (no accuracy estimate), 1118 (7.2%) of LC B (no accuracy estimate), and 
81 (0.5%) of LC Z (no accuracy estimate).  Location Class Z was not recorded for seven 
birds.  See Table 3A for Location Class information by individually tagged godwits. 
Transmitter Collection Efficiency  
The Day Index (Day = duty cycle), which represented the probability of obtaining 
a location each ‘on’ period, ranged from 0.40 – 1.0, and the Location Index, the 
probability of obtaining a location during each hour of transmission, ranged from 0.13 – 
0.87 (Table 4).  This compares to the annual Day Index range of 91.4% - 98.6%, and the 
annual Location Index range of 0.76 – 1.14 reported by Miller et al. (2005) for Northern 
Pintail, Anas acuta.  Differences in Day Index measures of performance between the  
On/Off cycles were significant (F2, 24 = 5.7, P = 0.009).  Upon further testing, the 6:24 
cycle had a significantly lower mean performance (0.70) than that of the 10:48 duty cycle 
(t21 = 2.34, P = 0.004).   
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TABLE 4.  Transmitter collection efficiency by On/Off cycle of 27 PTTs on Marbled 
Godwit in North America, 2006-2010. 
 
 
 
 
 
 
 
The difference between groups for the Location Index performance measure was 
not significant (P = 0.08).  See Table A4 for PTT performance data by individually 
tagged godwits.        
MIGRATION STRATEGY  
 
Migration Routes 
 
 
Bear River Migratory Bird Refuge, Utah, USA 
Five of the godwits from BRMBR, dispersed to prairie breeding grounds in 
Canada; four to Alberta and one to Saskatchewan (Table 5).  While all four of the Alberta 
breeding godwits were located within the 111-112
◦
 W Longitude five minute block, two 
were within the 50-51
◦
 N and two within the 51-52
◦
N Latitude five minute blocks.  
Another four godwits traveled to north central Montana (107-110
◦
 W Longitude 47-49
◦
 N 
Latitude) and the remaining two birds to disparate breeding grounds in North Dakota 
(Figure 2).  
After departing BRMBR/GSL, northbound godwits en-route to Alberta appeared 
to follow a route along the eastern front of the Rocky Mountains in Montana, and used 0 
  Indices   
On/Off Location Day   
Cycle (h) Mean (range)              Mean (range) n 
    
6:24 0.39 (0.13 - 0.86) 0.70 (0.40 - 0.94) 5 
8:36 0.63 (0.42 - 0.87) 0.91 (0.79 - 0.99) 4 
10:48 0.61 (0.35 - 0.87) 0.93 (0.65 – 1.0) 18 
    Total 27 
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to 1 stopovers in Montana.  The godwit that went to Saskatchewan utilized one en-route 
stopover in Saskatchewan (Old Wives Lake).  No en-route stopovers were detected for 
northbound godwits traveling from BRMBR to Montana breeding sites.  The two godwits 
that went to breeding grounds in North Dakota used a similar migration route through 
Wyoming but appeared to diverge in southeastern Montana (Figure 2).  One of the two  
northbound breeding godwits used a stopover in Hettinger County, ND (Table 5).    
Southbound Marbled Godwits from Alberta used 0 to1 stopover sites en-route to 
return to BRMBR.  One stopped in Montana (Valier) while another stopped at American 
Falls Reservoir, Idaho.  Two godwits migrated directly to BRMBR/GSL with no stops 
(Figure 3).   After departing BRMBR/GSL the Alberta breeding godwits used another 
stopover in southern California (Needles, Blythe and Salton Sea) before continuing to 
their wintering destinations.  No stops after BRMBR/GSL were detected for one godwit.  
The North Dakota breeding godwit also utilized a stopover in southern California (Palo 
Verde).  All three breeding Montana godwits that provided southbound migration 
information stopped at or within 160 km of the Colorado River Delta, Mexico before 
continuing to wintering locations (Figure 3).  Wintering destinations of Marbled Godwit 
captured at BRMBR included Salton Sea in southern California (n = 1), the Ojo de 
Liebre/Guerrero Negro complex, Baja, Mexico (n = 4), Baja California Norte, Mexico (n 
= 2), Sinaloa (n = 1), and Sonora (n = 1), Mexico.  The four godwits that went to 
breeding grounds in Alberta utilized four different wintering sites in Mexico: Gonzaga 
Bay and Bahia San Quintin, Baja California Norte; Ojo de Liebre, Baja California Sur; 
and Yavaros Bay, Sonora.  Of the three Marbled Godwits that bred in Montana and  
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FIGURE 2. Northbound migration routes and location points FIGURE 3.  Southbound migration routes and location points of 
of Marbled Godwit PTT-tagged at BRMBR, UT, 2006 – 2010. Marbled Godwit PTT-tagged at BRMBR, UT, 2006 – 2010. 
8 
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yielded wintering location data, one went to Laguna Ojo de Liebre/Guerreo Negro, Baja 
California Sur complex.   
The godwit that stopped initially at Laguna Grande also used a second wintering 
site; the Marismas Nacionales, Nayarit (Table 5).  The North Dakota breeding godwit 
also wintered at the Ojo de Liebre/Guerrero Negro complex. 
Eight godwits that provided southbound migration route data after departing 
BRMBR/GSL all chose overland routes through Utah, southeastern Nevada/northwest 
Arizona, and southern California.  No tagged godwits crossed Nevada to the Pacific 
Coast of California on their way southward to wintering grounds in Mexico via a coastal 
route.  However, one godwit departed GSL at a bearing of 230 
◦ 
with a final transmission 
in eastern Nevada that suggests the bird may have been on a path to cross the Great Basin 
heading toward the California Coast.   
 Routes converged along the Colorado River at the NV/AZ/CA border especially 
through the 35-36
◦
N Latitude, 114-115
◦
W Longitude five minute block (Figure 4).  The 
routes of the two birds that stopped at Salton Sea, CA began to veer slightly west heading 
south into the 34 – 35◦N Latitude block.  Three birds all made stops within a 33 km 
stretch of the Colorado River between Fort Mohave and Topock, AZ for 1 – 10 days.  
One of two godwits that migrated to the west coast of mainland Mexico provided 
intermediate points that indicated the bird migrated along the coast upon reaching the 
Gulf of California (Figure 3).  Only two godwits provided complete northbound 
information from Mexico wintering habitats to breeding grounds.  Both birds wintered 
along the west coast of Mexico (Sinaloa and Sonora).  These northbound godwits 
appeared to travel northwesterly along the Mexican coast before heading inland, north 
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TABLE 5.  Breeding, wintering and stopover locations of Marbled Godwit equipped with 
PTTs from BRMBR, UT, 2006-2010. 
 
________________________________________________________________________ 
Breeding  Stopover  Winter    Stopover 
Destination Southbound  Destinations    Northbound 
______________________________________________________________________________ 
61984A   
Saskatchewan        BRMBR, UT  
         Old Wives Lake, SK  
61985    
Alberta  Valier, MT  Gonzaga Bay, Baja, MX  BRMBR, UT 
  GSL, UT       Martinsdale, MT 
  Blythe, CA  
61986     
Alberta  BRMBR, UT  Yavaros Bay, Sonora, MX  Pinon, AZ 
         BRMBR, UT 
61987   
Montana  BRMBR, UT  Laguna Grande, Sinaloa, MX  Playa Cueta, Sinaloa,  
  Colorado River Delta, Sonora Marismas Nacionales, Nayarit Bay of Santa Maria 
  Playa Cueta, Sinaloa     GSL, UT 
61984B   
Alberta  American Falls Reservoir, ID   Bahia San Quintin, Baja, MX BRMBR, UT 
  BRMBR, UT         
  Salton Sea, CA 
61989   
Montana  BRMBR, UT  Guerrero Negro, Baja, MX  BRMBR, UT 
  Estero Morua, Sonora, MX                 2009   
         Primo Tapia, Baja, MX 
         El Segunda, CA  
70536   
North Dakota BRMBR, UT  Ojo de Liebre/GN Baja, MX  BRMBR, UT 
  Fish Springs NWR, UT     Hettinger County, ND 
  Palo Verde, CA 
70538 
Montana  BRMBR, UT  Ojo de Liebre/GN Baja, MX  BRMBR, UT 
  Havasu NWR, Topock, AZ  
70539 
North Dakota        BRMBR, UT 
 
75690 
Montana  Ocean Lake, WY      BRMBR, UT 
  BRMBR, UT 
80796 
Alberta  BRMBR, UT  Ojo de Liebre, Baja, MX  BRMBR, UT 
  Needles, CA 
 
84208   
Unknown BRMBR, UT  Salton Sea, CA 
  Fort Mohave, AZ 
______________________________________________________________________________________ 
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FIGURE 4.  Migration corridor along the Colorado River used by Marbled Godwit PTT-
tagged at BRMBR, UT, 2006 – 2010. 
 
 
over Sonora, Mexico, Arizona and Utah using 1-2 stops before once again stopping at 
BRMBR/GSL.  Godwit 61989 that wintered at the Ojo de Liebre/Guerrero Negro 
complex provided partial northbound migration route information.  This godwit traveled 
775 km northwesterly along the Baja/Pacific coast to Los Angeles, CA before the PTT 
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indicated lack of activity.  This data provides partial evidence that some godwits may use 
a circular migratory strategy or differing southbound vs. northbound routes.  In this case, 
godwit 61989 used an overland route through Utah, Arizona and Sonora during 
southbound migration and appeared to use a coastal route traveling north (Figure 2).     
Akimiski Island, Nunavut, Canada 
We obtained migration route information from six of the seven godwits tagged in 
Canada.  Four godwits completed southbound migration to wintering destinations in 
Mexico before PTT loss or godwit death.  Three godwits tagged on Akimiski Island 
provided complete or partial northbound migration data.  
Godwits departing Akimiski Island traveled southwest over Ontario, Canada, 
continued directly over or along the north shore of Lake Superior (n = 2), continued over  
southwest Minnesota with first en route stopovers detected in South Dakota (n = 4),  
western Nebraska (n = 1), and western Kansas (n = 1) (Figure 5).  This first leg of 
southbound migration was completed in one day.  The estimated migration corridor over 
southwestern MN and southeastern SD was between 95 – 98◦ W Longitude (Figure 6).  
 Three of the Akimiski Island originating godwits moved frequently (every 1 – 9 
days) among multiple sites in southeastern North Dakota and northeastern South Dakota 
for extended periods (15- 34 days) before continuing southbound migration (Table 6).  
One bird remained in a single location in southeastern SD and another moved south from 
a site in Kansas to two sites in Texas before continuing southward.  Five of six 
southbound Akimiski godwits, traveled through a narrow corridor from northeast (39 -
41
◦
N Latitude 102-104
◦
 W Longitude) to south central Colorado (37 – 29◦N, Latitude 104 
– 106◦ W Longitude) after departing fall staging areas in the Dakotas (Figure 6).  The 
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godwits appeared to follow the Sangre De Cristo Mountains and the Rio Grande River 
through New Mexico before crossing Chihuahua and Sonora, Mexico to reach coastal 
wintering sites in Sonora.  Two other godwits took undetermined routes from the Texas 
panhandle and the Rio Grande River valley, New Mexico respectively, to arrive at the 
Colorado River Delta area, Sonora, Mexico.  Three godwits originating from Akimiski 
Island provided northbound migration data.  One birds’ PTT signal was lost after only 
traveling 802 km from Mexico to southwestern New Mexico near the town of Reserve.  
Another godwit’s PTT provided in-flight locations while northbound along the Missouri 
 
TABLE 6.  Breeding, stopover, and wintering destinations of Marbled Godwit equipped 
with PTTs from Akimiski Island, Canada, 2007-2009. 
 
________________________________________________________________________ 
PTT ID      Breeding  Stopover       Wintering  Stopover 
    Destination  Southbound      Destinations (Mexico) Northbound 
________________________________________________________________________________________________ 
75687  Akimiski Island, CAN   Hutchinson Co., SD    Unknown  Unknown 
75041  Akimiski Island, CAN   Lake McConaughy, NE    Unknown  Unknown 
      Jamestown, ND 
    Lamoure, ND 
    Oakes, SD 
    Eureka, SD 
    Trinchera, CO                
75688  Akimiski Island, CAN   Groton, SD  Colorado River Delta, Sonora  
  Long Lake NWR, ND 
    Albuquerque, NM 
75689 Akimiski Island, CAN Gove, KS  Colorado River Delta, Sonora 
    Boise City, OK     Kingsbury, SD 
    Swisher, TX     Ignace,Ont.,CAN 
    Hart, TX 
80794 Akimiski Island, CAN Sully Co., SD  Bahia de Tobari, Sonora 
    Linton, ND  Yavaros Bay, Sonora 
    Logan Co., ND 
    Strasburg, ND 
    Fowler, CO 
    Luis Lopez, NM 
    Puerto Palomas, Chihuahua, MX 
    Guaymas, Sonora, MX    Reserve, NM 
80795 Akimiski Island, CAN Madison, SD  Bahia de Lobos, Sonora 
    Cheraw, CO  Bahia de Tobari, Sonora  
 Akimiski Island, CAN       Bahia de Tobari 
              Pickle Lake, Ont. CAN 
                        James Bay, CAN
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FIGURE 5.  Southbound migration routes and location 
points of Marbled Godwit PTT-tagged on Akimiski Island, 
Canada, 2007- 2008. 
 
 
FIGURE 6. Southbound migration corridors in  
midcontinent USA of Marbled Godwit PTT-tagged 
on Akimiski Island, Canada, 2007 – 2008.  
34
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River in Nebraska and southeastern South Dakota.  After stopping for a day in SD, the 
bird continued to the Lake Saint Joseph area in west central Ontario, Canada.  The third 
bird followed an undetermined route through the midcontinent to the same stopover as 
godwit 75689 in west-central Ontario (Lake Saint Joseph), before returning to Akimiski 
Island (Figure 7). 
San Blas, Nayarit, Mexico  
Only one of two godwits tagged at wintering sites in Mexico initiated northbound 
migration.  The bird migrated northward through midcontinent USA with several en route 
locations over western Minnesota (Figure 8).  No en route stopovers were detected in the 
midcontinent.  The PTT signal was lost at a possible stopover location in eastern 
Manitoba, Canada (Table 7). 
 
TABLE 7.  Breeding, wintering, and stopover locations of Marbled Godwit equipped 
with satellite transmitters in Mexico, 2007 – 2008. 
 
 
PTT ID Breeding 
Destination 
Stopover 
Southbound 
Wintering 
Destinations (Mexico) 
Stopover 
Northbound 
 
61988 
 
 
Unknown 
 
Unknown 
 
San Blas, Nayarit 
 
Poplar Bay, 
Manitoba, Canada 
   
Pericos, Nayarit 
 
   Ensenda Pabellones, Sinaloa  
70537 Unknown Unknown San Blas, Nayarit 
Cuautla, Nayarit 
Unknown 
   Teacapan, Sinaloa  
   Laguna Grande, Sinaloa  
   Pericos, Nayarit  
   Novillero, Nayarit  
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FIGURE 7.  Northbound migration route and location points FIGURE 8.  Northbound migration route and location points of 
of Marbled Godwit PTT-tagged on Akimiski Island, Canada, Marbled Godwit PTT-tagged in Nayarit, Mexico, 2007. 
2007 – 2008.
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Georgia, Atlantic Coast, USA   
Northbound Marbled Godwits tagged in Georgia traveled to apparent breeding 
grounds in North and South Dakota via overland routes through Illinois, Iowa, Missouri, 
and Minnesota (Table 8).  No data location points were collected from godwits migrating 
over Tennessee and Kentucky north or southbound, thus routes are approximate.  Two 
godwits that proceeded to breeding grounds in ND traveled somewhat similar routes 
through Illinois (about 140 km apart) that converged in western Iowa to < 30 km apart in 
south central Minnesota (Figure 9).  One godwit likely used a stopover for < 24 hr at an 
unknown location between northern GA and northern IL before continuing migration.  
The other godwit apparently traveled non-stop from the Atlantic Coast to a stopover in 
central South Dakota before continuing to North Dakota.  The PTT signal was lost from a 
third bird while in central Illinois that appeared to be on the same bearing as the two birds 
that traveled to North Dakota (Figure 9).  The migration route of the godwit that went to 
SD to breed took a different route than the ND birds, making a stopover in southern MO.   
Post breeding, southbound godwits returning to the Atlantic Coast, used migration 
routes similar to those used during spring, northbound migration (Figure 10).  The 
godwits from North Dakota traveled through South Dakota, Minnesota, Iowa, Illinois, 
and Indiana.  The godwit from South Dakota breeding grounds migrated over eastern 
Nebraska, southwest Iowa, and northern Missouri.  Though no stopovers were detected 
during southbound migration for these three birds, there were sufficient time gaps (44 – 
51 hr) when the PTTs were in the off mode that the birds could have stopped for a period 
of > 24 hr and go undetected.  The birds returned to the same portion of the Atlantic  
Coast from where they were caught the previous winter.   
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TABLE 8.  Breeding, wintering and stopover locations of Marbled Godwit equipped with 
satellite transmitters from the Atlantic Coast, USA, 2008 – 2009. 
 
_______________________________________________________________________ 
PTT ID    Breeding Stopover Wintering   Stopover 
   Destination     Southbound Destinations   Northbound 
____________________________________________________________________________________ 
80797 Unknown Unknown Altamaha River Delta, GA 
     Wassaw Sound, GA 
     Turtle Island, SC           Transmitter Lost 
84201 Unknown Unknown Altamaha River Delta, GA     Lincoln, IL 
     St. Helena Sound, SC 
     Ossabaw Sound, GA 
     Cape Romain NWR, SC 
     Deveaux Bank, SC           Transmitter Lost 
84203 Long Lake    Altamaha River Delta, CA      Hitchcock, SD 
NWR, ND   St. Catherine’s Sound, GA      Grant County, ND 
    Ossabaw Sound, GA           
    St. Helena Sound, SC 
    Savannah River Delta, SC 
    Seabrook Island, SC 
    Port Royal Sound, SC 
    Sapelo Sound, GA 
    Wassaw Sound, GA 
84204 Hand Co. SD   Altamaha River Delta, GA       Delta, MO 
     St. Catherine’s Sound, GA 
     Ossabaw Sound, GA 
     Sapelo Island, GA 
84205 Plaza, ND   Altamaha River Delta, GA       Sterling, IL 
__________________________________________________________________________________  
 
 
Migration Distances 
 
 North American Marbled Godwits traveled a mean 2670 km during northbound 
migration and a mean 2842 km during southbound migration (Table 9).  We found no 
significant difference between male and female godwits in distance traveled on either 
northbound (t5= 0.51, P = 0.63) nor southbound migrations (t12 = 0.06, P = 0.95).  
However, significant differences were found among Akimiski Island, BRMBR and 
Georgia sampling groups in total distance traveled during southbound migration (F2, 11 = 
18.6, P < 0.001) and in distance traveled to the first stopover during southbound 
migration (F2, 12 = 34.40, P < 0.001).  
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FIGURE 9.  Northbound migration routes and location points 
of Marbled Godwit PTT-tagged in Georgia, USA, 2008. 
FIGURE 10.  Southbound migration routes and location points 
of Marbled Godwit PTT-tagged in Georgia, USA, 2008. 
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Bear River Migratory Bird Refuge, Utah, USA    
 Marbled Godwits tagged at BRMBR traveled about 2600 km during both north 
and southbound migrations from wintering to breeding grounds in midcontinent North 
American prairies (Table 9).  The farthest non-stop flight during northbound migration 
was 1502 km while the farthest southbound non-time flight detected was 1929 km. 
Only one tagged godwit, captured at BRMBR, had a PTT that functioned 
throughout an entire annual cycle.  The male bird traveled a total of 5986 km over the 
annual cycle which included travel during both north and southbound migration and a 
change of wintering location (Table A5).   
Marbled Godwits tagged at BRMBR, migrated northward to breeding ground 
locations a mean 952 km distant from BRMBR (n = 11).  The closest assumed breeding 
site (breeding activity was not verified) to BRMBR by a tagged godwit, was 692 km near 
Lewistown, MT while the farthest was 1110 km distant at Lost Lake National Wildlife 
Refuge near Washburn, ND.   
Marbled Godwits utilized either 0 to 1 stops en-route to breeding areas after  
departing BRMBR/GSL.  The stops ranged a distance of 544 – 944 km (xˉ  =793 km, n = 
3) from BRMBR and 159 – 486 km (xˉ  = 270 km, n =3) from the final breeding 
destination location.  
 Southbound migrant godwits departing from apparent breeding grounds used 0 - 1 
en-route stops and traveled a mean 670 km (range 282 – 962 km, n = 6) to the first 
stopover site.  The stopover sites were an average distance of 532 km (range 282 -732 
km, n = 3) from breeding grounds and an average 426 km (range 181 – 742 km) from 
BRMBR/GSL. 
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TABLE 9.  Migration distances (km) of satellite tagged birds from four locations in North America, 2006 - 2010; data given as mean 
+ SD (range, n). 
 
 
 
 
BRMBR Canada Mexico Georgia All Locations 
Northbound 
    
  
Male 2715 + 336 (2477 - 2952, 2) 
 
2943 (1) 1888 (1) 2565 + 503 (1888 - 2952, 4) 
Female 
 
3623 (1) 
 
2404 + 515 (2040 - 2768, 2) 2810 + 792 (2040 - 3623, 3) 
All 2715 + 336 (2477 - 2952, 2) 3623 (1) 2943 (1) 2232 + 470 (1888 - 2768, 3) 2670 + 594 (1888 -3623, 7) 
Southbound 
    
  
Male 2451 + 356 (2208 - 2969, 4)  4054 + 14 (4044 – 4064, 2) 
 
2075 (1) 2855 + 868 (2075 - 4064, 7) 
Female 2643 + 738 (2173 - 3493, 3) 3670 + 127 (3580 - 3760, 2) 
 
2269 + 258 (2086 - 2451, 2) 2829 + 744 (2086 - 3760, 7) 
All 2533 + 505 (2173 - 3493, 7) 3862 + 234 (3580 - 4064, 4) 
 
2204 + 214 (2075 -2451, 3) 2842 + 776 (2075 - 4064, 14) 
Local 
    
  
Fall Staging 
    
  
Male 
 
269 + 18 (256 – 282, 2) 
  
269 + 18 (256 – 282, 2) 
Female 
 
730 + 756 (195 - 1264, 2) 
  
730 + 756 (195 - 1264, 2) 
All 
 
499 + 511 (195 - 1264, 4) 
  
499 + 511 (195 - 1264, 4) 
Wintering 
    
  
Male 65 (1) 56 (1) 591 + 281 (392 -790, 2) 520 + 179 (393 - 646, 2) 390 + 298 (56 -790, 6) 
Female 
 
51 (1) 
 
352 + 194 (169 - 626, 4) 292 + 215 ( 51 - 626, 5) 
All 65 (1) 54 + 4 (51 -56, 2) 591 + 281 (392 -790, 2) 408 + 191 (169 -646, 6) 345 + 256 (51 - 790, 11) 
Post Breeding 
    
  
Male 56 (1) 91 +  15 (80 – 101, 2) 
 
211 (1) 112 + 69 (56 - 211, 4) 
Female 393 + 345 (162 - 789, 3) 
  
80 (1) 315 + 322 ( 80 -789, 4) 
All 309 + 328 (56 - 789, 4) 91 +  15 (80 – 101, 2) 
 
146 + 93 (80 – 211, 2) 213 + 241 (56 -789, 8) 
Breeding 
    
  
Male 
   
228 (1) 228 (1) 
Female 
     
All       228 (1)  (228, 1) 
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Godwits tagged at BRMBR traveled a significantly shorter distance to first 
stopover than that of Akimiski Island (t10 = 6.625, P < 0.001) and Georgia (t7 = 9.72, P < 
0.001) tagged godwits.   
After staging at BRMBR/GSL, godwits continued south a mean 1461 km (n =8) 
to wintering sites.  The closest Marbled Godwit wintering site to BRMBR/GSL was 
Salton Sea, California at a distance of 926 km.  The farthest wintering site utilized was a 
coastal site near Escuinapa, Sinaloa, Mexico some 2189 km distant from BRMBR/GSL.  
Godwits utilized 1 – 2 en route stopovers between BRMBR/GSL and final wintering 
destinations.  The first stopover locations were an average 790 km (range 205 – 1135 km, 
n = 8) from BRMBR/GSL and 658 km (range 245 – 1359 km, n =8) from wintering 
destinations.  The second stopover locations were an average 546 km (range 234 – 940 
km, n =4) from the first stopover location, 1219 km (range 915 – 2020 km, n = 4) from  
BRMBR/GSL and 325 km (range 11 – 634 km, n =4) from final wintering destinations.    
Northbound migrant Marbled Godwits traveled an average of 1838 km (n = 2) from 
wintering sites in Mexico to BRMBR/GSL in the spring utilizing 1 – 2 en-route stopover 
sites before stopping in UT.  The first stopover site was an average 606 km from the 
recently departed wintering site (range 277 – 997 km, n =3) and 1201 km from 
BRMBR/GSL (n =2).  Six of seven wintering Marbled Godwit used only one wintering 
site, while one bird used two sites.  The bird moved 65 km between two sites in Mexico. 
Godwits captured at BRMBR traveled a significantly shorter distance on southbound 
migration that did godwits from Akimiski Island (3862 km) (t9 = 4.88, P < 0.001). 
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Akimiski Island, Nunavut, Canada    
Marbled Godwits tagged on breeding grounds on Akimiski Island, Canada 
traveled a mean distance of 3862 km during southbound migration (Table 9).  We found 
godwits from Akimiski Island traveled a significantly longer distance during southbound 
migration than godwits tagged at either BRMBR (2533) (t9 = 4.88, P < 0.001) or Georgia 
(2204 km) (t5 = 9.60, P < 0.001).  The farthest non-stop flight detected during 
southbound migration was 2439 km over a two day period, while the farthest non-stop 
northbound migration segment detected was 2081 km also over a two day period.   
Only one godwit tagged in Canada, had a PTT that functioned throughout the 
entire annual cycle.  This female, logged a total of 7203 km over its’ annual cycle (May 
2008 – June 2009) which included both north and southbound migrations and a change of 
wintering locale (Table A5). 
 Mean distance to first stop-over site by tagged Marbled Godwit during 
southbound migration from Akimiski Island, Canada was 1925 km (range 1423- 2439 
km, n = 6).  This distance is significantly longer than the distance to first southbound 
stopover of godwits tagged at BRMBR (670 km) (t10 = 6.63, P < 0.001).  Mean distance 
to first stop-over site during southbound migration by female godwit from Akimiski 
Island, Canada was 1930 km (range 1423 – 2294 km, n = 3).  Mean distance to first stop-
over by males departing Akimiski Island appeared only slightly lower than females, at 
1920 km (range 1606 -  2439 km, n = 3).  
Northbound female Marbled Godwits departing wintering sites in Mexico 
traveled 2081 – 2977 km, (n = 2) before making their first stop en route to Akimiski 
Island.  No data from male, northbound migrant godwit were collected from this group.  
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 Marbled Godwits from Akimiski Island often moved to multiple wetland sites 
within the midcontinent, USA after completing the initial southbound migration segment.   
The godwits moved a mean 2.3 times (range 0 – 8, n = 6) over a mean distance of 143 km 
between fall staging sites (range 14 – 688 km, n = 14).  This landscape area with multiple 
stopover sites important for fall migrant godwits from Akimiski Island breeding territory, 
appeared to be centered around the North/South Dakota border between 44 – 47◦N 
Latitude and 101- 98
◦
 W Longitude (Figure 11).   
Two Marbled Godwits tagged on Akimiski Island wintered on the Colorado River 
Delta, Sonora, Mexico while two more wintered farther south along the Sonoran coast.     
Godwits migrating from Canada breeding sites did not take direct routes to wintering 
sites.  Instead, these godwits moved to stopover sites not immediately adjacent to  
migration pathways thus increasing their overall migration distance (Table 10).  One 
godwit backtracked > 700 km from a migration stop in southwestern Nebraska to utilize 
stopover habitats in North Dakota. 
TABLE 10. Distances (km), both direct and actually traveled, by Marbled Godwits, 
between Akimiski Island, Canada breeding grounds and Mexico wintering sites. 
 
 
  Distance Distance 
       
PTT ID 
                                         
Wintering Site 
Direct       
(km) 
Actually traveled                      
(km) 
    
75688 Colorado River Delta, Sonora, MX 3359 3760 
75689 Colorado River Delta, Sonora, MX 3364 4044 
80794 Bahia de Tobari, Sonora, MX 3598 4346 
80795 Bahia de Lobos, Sonora, MX 3561 3580 
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FIGURE 11.  Area of multiple stopover sites used by southbound migrant Marbled  
Godwit PTT-tagged on Akimiski Island, Canada, 2007 – 2008. 
 
 
 
The two godwits that wintered on the Colorado River Delta area remained at the 
site for the entire winter period while the two that wintered along the southern Sonoran 
coast, each utilized two wintering sites.  The two latter birds moved a mean distance of 
54 km between wintering sites (Table 9). 
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San Blas, Nayarit, Mexico  
One of the two Marbled Godwits captured on wintering grounds near San Blas, 
Nayarit, Mexico, traveled a total distance of 392 km during two moves and utilized three 
wintering sites.  The other godwit moved 11 times between six wintering sites and 
covered a total distance of 790 km.   
Marbled Godwits captured in Mexico, moved from one wintering site to another a 
total 13 times.  A mean 91 km (range 40 – 332 km, n = 13) was traveled during 
movements between wintering sites by these Marbled Godwits. 
Only one of two godwits tagged in Mexico initiated northbound migration.  The 
bird migrated 2943 km to southeastern Manitoba, Canada where the bird either died or 
the PTT fell off (Table 9).  No en route stopovers were detected.  It is unknown whether 
the location of the last PTT transmission was a stopover location or the approximate 
location where the PTT fell off the bird during flight.   
Georgia, Atlantic Coast, USA   
Marbled Godwits tagged in Georgia traveled a mean 2232 km during northbound 
migration from wintering locations on the Atlantic Coast to apparent breeding grounds in 
North and South Dakota (Table 9).  Southbound migrant godwits traveled a mean 2204 
km from apparent breeding grounds to return to Atlantic Coast, USA wintering sites 
(Table 9).  The mean distance traveled during southbound migration by Georgia godwits 
was significantly shorter than that of Akimiski Island godwits (3862 km) (t5 = 9.60, P < 
0.001).  The farthest non-stop northbound migration detected was 1146 km while the 
longest non-stop southbound segment was 2086 km over a two day period. 
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Three tagged godwit, captured in Georgia, had PTTs that functioned throughout 
an entire annual cycle.  The birds traveled from 4506 - 5388 km over the annual cycle 
(Table A5).  One male godwit tagged in Georgia traveled 1888 km during northbound 
migration and 2075 during southbound migration (Table 9).  One stop was detected for 
godwits en-route to breeding areas.  The stops ranged a distance of 953 – 1520 km (xˉ  = 
1206 km, n = 3) from their respective Atlantic Coast wintering locations.  No en-route 
stopover sites were detected for southbound migrant godwits returning to the Atlantic 
Coast.  However, presence of stopovers is not ruled out due to amount of elapsed time 
between data location points during or just prior to migration and the first location upon 
arrival at wintering sites.    
There was a significant difference in number of winter sites used between godwit 
sampling groups (F2, 15 = 4.1, P = 0.04).  Upon further analysis we found godwits 
wintering (December – April) along the Atlantic Coast used a significantly higher 
number of winter sites (2.8) than did godwits captured in Utah wintering in Mexico (1.1) 
(t12 = 2.66, P = 0.02) (Table 11).  Winter sites were a mean 59 km apart (range 21 – 143 
km, n = 19).   
 
TABLE 11.  Local winter (December – April) movement of Marbled Godwit along the 
Atlantic Coast, USA, 2008- 2009. 
 
                
PTT ID              
Number of 
Winter Sites 
Number Times 
Moved 
Total Local Winter 
Distance Traveled (km) 
    
84201 1 0 0 
84202 3 4 505 
84203 5 8 393 
84204 3 5 188 
84205 1 0 0 
Mean 2.6 3.4 217.2 
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Migration Phenology and Stopover Duration  
 
 We found significant differences between BRMBR, Akimiski Island and Georgia 
godwit sampling groups in southbound migration duration (F2, 10 = 8.4, P = 0.007), 
winter habitat residency periods (F2, 7 = 108.9, P < 0.001), and breeding habitat 
residency periods (F2, 14 = 6.2, P = 0.01). 
Bear River Migratory Bird Refuge, Utah, USA  
Marbled Godwits equipped with PTTs at BRMBR initiated northbound migration 
from Mexico wintering sites 12 – 22 April (xˉ  = 20 April (Julian Date =110), n = 3) and 
made 2 – 4 stops over the entire northbound route.  Marbled Godwits spent from 3 – 11 
days (n = 2) on the northward migration segment between wintering sites and 
BRMBR/GSL, while making 1 to 3 stops en-route.  Mean spring arrival date at 
BRMBR/GSL was 28 April (Julian Date = 118) with two tagged birds arriving April 22 
and May 3.  Bear River Migratory Bird Refuge records indicate spring godwit 
populations peak the third week of April (17 – 23).  The long-term average (1991- 2009) 
population for that week in April is 8100 godwits (USFWS unpublished).  
Godwit stopover duration at BRMBR in the spring was 4 – 5 days.  Mean, spring 
departure date was April 27 (Julian Date = 117) (n = 11) across all study years and 
ranged from 20 April – 8 May.  After departing from BRMBR/GSL in the spring, 
northbound migrant Marbled Godwits continued an average of 1.4 days before reaching 
breeding grounds in the midcontinent.  Godwits utilized either zero or one en-route stops 
between BRMBR and breeding grounds.  Mean arrival date on the breeding grounds was 
28 April (Julian Date = 118, n =11).  Two BRMBR tagged godwits spent 3 and 7 days, 
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respectively, on northbound migration.  Godwits tagged at BRMBR remained on the 
breeding grounds a mean of 74 days ranging from 61 – 87 (n = 8) days. 
Southbound Marbled Godwits migrating from breeding grounds, returned to 
BRMBR over an average 1.8 days and used 0 or 1 en-route stops.  Mean arrival at 
BRMBR was 14 July (n = 8).  After staging at BRMBR/GSL for a mean 38 days (range 8 
– 72) in the fall, where godwits undergo a full body molt, godwits continued southward 
migration for a mean 7.6 days and used one or two en-route stops before reaching 
wintering destinations.  Godwits tagged at BRMBR spent a mean 51.3 days (n = 6) on 
southbound migration which is significantly longer than that of godwits tagged in 
Georgia who completed southbound migration in two days (t7 = 3.47, P = 0.01).  Godwits 
tagged at BRMBR used a mean 2.7 stopovers over the entire southbound migration route 
between breeding and wintering sites.  Arrival dates on Mexican wintering grounds 
ranged from 25 July – 1 November (xˉ  = September 16 (Julian Date 259)).  All tagged 
godwits used overland migration routes through Utah, Arizona, and southern California 
during southbound migration (n = 9).    
Godwits tagged in Utah, spent a mean 174 days (range 158 – 193 days, n = 3) on  
wintering grounds and used one (n = 8) or two (n = 1) coastal wintering sites. We found 
the wintering habitat residency period of the BRMBR tagged godwits to be significantly 
shorter than that of wintering godwits tagged both in Canada (269 days) (t5 = 9.94, P < 
0.001) and Georgia (303 days) (t6 = 15.92, P < 0.001). 
Akimiski Island, Nunavut, Canada  
Using 25 May as the median arrival date (Ken Abraham, personal 
communication) for Marbled Godwits returning to Akimiski Island, we estimated mean 
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length of stay on breeding grounds on Akimiski Island, Canada as 73 days (range 64 – 
84, n = 6).  Mean departure date was 7 August (Julian Date = 219) and ranged from 28 
July – 17 August.   
This breeding subpopulation migrated south through the midcontinent and 
southwestern USA and northwestern Mexico and wintered at coastal wetland sites along 
the Gulf of California in the Mexican state of Sonora.  Midcontinent stopover sites were 
located in North and South Dakota, Nebraska, Oklahoma, and Texas while southwestern 
USA stopover and migration sites were in Colorado, New Mexico and the Mexican states 
of Chihuahua and Sonora.   
Godwits from Akimiski Island, spent an average 23 days on southbound  
migration (range 15 – 37 days, n = 4), at 4.25 en-route stopover sites (range 3 – 8, n = 4).  
This appears to be the highest number of stopover sites used by all sample locations 
during southbound migration.  Mean arrival date at wintering grounds was 25 August 
(Julian Date = 237), range 14 August – 3 September.   
Marbled Godwits breeding in Canada spent 259 – 276 days ( xˉ  = 269, n = 3) at 
one (n = 2) or two (n = 2) coastal wetland wintering sites.  Departure date from wintering 
sites for northbound godwits ranged from 13 – 20 May (n = 3).  
Complete, northbound migration data between Mexico and Akimiski Island was 
collected from a single godwit.  Migration duration for this bird was nine days (17 – 26 
May) with three en-route stopovers; one in Mexico and two in Ontario, Canada. 
San Blas, Nayarit, Mexico  
Of the two godwits tagged from wintering sites in Mexico, only one initiated 
northbound migration.  Departure from the wintering area was initiated on 19 May.  The 
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bird migrated northward through the midcontinent USA.  The godwit spent eight days on 
northbound migration before the signal was lost at a possible stopover location in 
Manitoba, Canada.  This bird used three coastal wintering sites in Nayarit and Sinaloa, 
Mexico between capture (31 January, 2007) and departure (19 May, 2008).   
The second Marbled Godwit remained in Mexico, where it used six sites during 
its 385 day tracking period (28 January, 2007 – 17 February, 2008) but only four sites 
during the winter period (January – May).  Residency periods on wintering grounds were 
not calculated as the birds were caught mid-winter. 
Georgia, Atlantic Coast, USA   
Atlantic Coast wintering Marbled Godwits were detected migrating north over 
Georgia, Illinois, Indiana, Iowa, Missouri, Nebraska, and Minnesota.  Mean northbound 
migration initiation date was 21 April (Julian Date = 111) and ranged from 12 – 28 April 
(n = 4).  Northbound migration duration to breeding sites in North and South Dakota, 
USA ranged from 3 – 4 days (n = 3), with godwits spending 1.3 days at one en-route 
stopover site.  Godwits remained on the breeding grounds for 51- 63 days (n = 3), a 
significantly shorter breeding habitat residency period than that of godwits tagged from 
either BRMBR (74 days) (t9 = 3.50, P = 0.007) or Akimiski Island (73 days) (t7 = 3.12, P 
= 0.02).  
Southbound migration initiation dates were 8 June, 19 June, and 4 July (n = 3) 
with an estimated duration of two days and no en-route stopovers detected.  Arrival dates 
at Atlantic Coast wintering sites were 10 June, 21 June, and 5 July, respectively.  Unlike 
godwits tagged at BRMBR and Akimiski Island that spend considerable time at 
stopovers, thereby prolonging southbound migration, the Atlantic Coast wintering 
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population appeared to return immediately to the Atlantic Coast after breeding, 
completing southbound migration in only two days.  Southbound migration duration was 
significantly shorter for Georgia tagged godwits than the 51.3 days and 22.8 days of the 
BRMBR and Akimiski Island sampling groups, respectively (t7 = 3.47, P = 0.01), (t5 = 
3.37, P = 0.02).  Georgia godwits use the coastal marshes as both fall staging and 
wintering habitats and undergo molt upon returning to the coast (Brad Winn, personal 
communication).   
Mean length of stay on Atlantic Coast wintering grounds was 303 days, using 22 
June as an estimated arrival date (range 294 – 310, n = 4).  Godwits captured in Georgia 
remained on the wintering grounds for a significantly longer duration than godwits from 
either BRMBR (174 days) (t6 = 15.92, P > 0.001) or Akimiski Island (269 days) (t5 = 
5.55, P = 0.003). 
SPEED OF FLIGHT 
 We calculated ground speed from 32 separate flight segments collected from 18 
individual Marbled Godwit (10 female, 8 male) (Table A6).  Twenty flight segments 
were collected from birds during southbound migration (SB-M) from breeding grounds 
or stopover sites, six segments from northbound migration (NB-M), while the remaining 
six segments were from local (L) movements; four segments representing movement to 
another fall staging (FS) area, one segment categorized as a movement immediately after 
breeding or post-breeding (PB) and one segment between wintering (W) sites.   
Ground speed information from eleven flight segments was obtained from seven  
godwits tagged at BRMBR (Table A6).  One flight segment from a single godwit  
53 
 
 
 
occurred during spring (NB-M), one from a bird over a short distance (Local) movement 
post-breeding (L-PB), and nine flights from six birds occurred during fall (SB-M). 
We calculated ground speed from in-flight data points obtained during a spring 
(NB-M) flight from one of the two godwits tagged in Mexico (Table A6).  Ground speed 
estimates from 14 flight segments from six godwits tagged in Canada were calculated 
(Table A6).  One flight segment from a single godwit occurred during spring migration 
(NB-M), nine segments from six birds occurred during fall (SB-M), while four segments 
from three birds were from local (L) movements representing relatively short distances 
traversed between fall stopover areas during fall migration in the midcontinent USA 
(Table A6).   
We estimated ground speed from six flight segments from mid-flight data 
locations of four godwits tagged in Georgia (Table A6).  Three flight segments from two 
godwits occurred during spring (NB-M), two flights from two birds occurred during fall 
(SB-M), and one from a bird over a short distance (Local) representing movement from 
one wintering site to another (L-W).  Only one bird provided migration flight speed data 
from both north and southbound migration treks. 
 Groundspeeds of Marbled Godwit from 26 migration flight segments ranged from 
27.1 – 88.6 km/hr and averaged 57.9 km/hr (Table 12).  Flight segment duration ranged 
from 0.6 – 9.3 hr while flight segment distances ranged from 31 – 595 km (Table A6).  
No significant differences were found in flight speed between northbound and 
southbound godwits.  We did however find that females were significantly faster during 
southbound migration than were males (t12 = 2.36, P = 0.04) (Table 12). 
  
54 
 
54 
 
 
 
TABLE 12.  Ground speed data (km/hr) collected from satellite tagged birds from four locations in North America, 2006 - 2010; data 
given as mean + SD (range, n). 
 
 
 
Utah Canada Georgia Mexico Locations combined 
Northbound      
Male   80.0 (1) 
 
48.0 (1) 
 
64.0 + 22.6 (48.0 - 80.0, 2) 
 Female 60.2 (1) 
 
51.8 (1) 
 
70.3 + 8.3 (64.4 - 76.2, 2) 
 
 63.2 + 10.2 (51.8 - 76.2, 4) 
 All Birds 60.2 (1)
 
51.8 (1)
 
73.5 + 8.1 (64.4 - 80.0, 3)
 
48.0 (1) 
 
63.4 + 12.8 (48.0 - 80.0, 6)
 Southbound 
Male 48.6 + 19.9 (27.1 - 72.6, 7) 
 
49.8 + 12.3 (38.5 - 70.0, 5) 
 
  49.1 + 16.5 (27.1 - 72.6, 12) 
 Female 67.0 + 0.8 (66.4 - 67.5, 2)
 
67.0 + 9.2 (60.4 - 80.6, 4)
 
82.9 + 8.1 (77.2 - 88.6, 2) 
 
 71.0 + 10.0 (60.4 - 88.6, 8)
 All Birds 52.7 + 19.0 (27.1 - 72.6, 9)
 
57.4 + 13.8 (38.5 - 80.6, 9)
 
82.9 + 8.1 (77.2 - 88.6, 2)
 
 57.9 + 17.7 (27.1 - 88.6, 20)
 
Local      
Fall Stage      
Male  31.0 (1) 
 
  31.0 (1) 
 Female  37.3 + 20.6 (19.8 - 60.0, 3) 
 
  37.3 + 20.6 (19.8 - 60.0, 3) 
 All Birds  35.8 + 17.1 (40.2 - 60.0, 4) 
 
  35.8 + 17.1 (40.2 - 60.0, 4) 
 Post Breed    
Male      
Female 34.7 (1) 
 
   34.7 (1) 
 Winter      
Male      
Female   55.0 (1) 
 
 55.0 (1) 
 
All Segments 
    
55.3 + 18.1 (19.8 – 88.6, 32) 
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 Flight segments were assigned to one of six categories according to start time.   
Recorded flight segments occurred 28.0 % of the time during the night (20:01 – 24:00), 
followed by 21.9 % in the late morning (08:01 – 12:00), and 18.8 % during both twilight 
(00:01 – 04:00) and evening (16:01 – 20:00).  Early morning (04:01 – 08:00) and 
afternoon (12:01 – 16:00) recorded the fewest flight segments at 6.3% each.  A 
Chi-Square Goodness of Fit test indicated the flight segment times were not significant 
(X 
2
5 = 7.38) (P > 0.05).   
MIGRATORY CONNECTIVITY 
Eleven of the Marbled Godwits tagged at Bear River Migratory Bird Refuge 
yielded information on breeding destinations while nine provided wintering destination 
information (Table 5).  All godwits tagged at BRMBR were part of the mid-continent 
prairie breeding sub-population.  Three of the godwits tagged in Georgia on the Atlantic 
Coast provided breeding destination data; two went to North Dakota and one to 
South Dakota.  This is evidence that godwits wintering along the Atlantic Coast are part 
of the mid-continent prairie breeding sub-population.  Only one of the godwits tagged in 
Mexico initiated northbound migration.  The final transmission from this bird was in 
southeastern Manitoba, Canada after migrating through the mid-continent (several in-
flight locations were over Minnesota).  We believe this bird was likely part of the 
southern James Bay/Akimiski Island, Canada breeding sub-population as godwits from 
neither BRMBR nor the Atlantic Coast traveled into Canada farther east than 
southwestern Saskatchewan.   
Six of the seven Marbled Godwits tagged on breeding territory on Akimiski  
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Island provided southbound migration and fall staging location data while four provided 
wintering destination data and only three, returning northbound migration data (Table 5).   
Godwits  from the southern James Bay/Akimiski Island breeding subpopulation used 
some of the same habitats during fall staging that were used as breeding and post-
breeding habitat by the Atlantic Coast tagged godwits as well as overlapping wintering 
and spring staging habitat with godwits tagged at BRMBR.  Thus, the Akimiski Island 
originating birds had the most opportunity to mix with other populations (BRMBR and 
Georgia). 
The mid-continent breeding population of godwits tagged at BRMBR also had 
overlapping breeding destinations with a godwit tagged on the Atlantic Coast, Georgia.  
The two godwits using breeding territories in North Dakota from BRMBR in 2007 were 
within 93 and 108 km respectively, of breeding territory used by a godwit from Georgia 
in 2009.  Breeding habitats for all three birds were < 35 km from the main stem and Lake 
Sakakewea reservoir on the Missouri River in North Dakota. 
No godwits tagged on Akimiski wintered on the Baja Peninsula like the majority 
of those tagged at BRMBR.  However, a godwit from BRMBR did use the same winter 
site (Yavaros Bay, Sonora, Mexico) as a godwit from Akimiski Island (Table A7). 
The North/South Dakota border included multiple stopover sites used by 
Akimiski Island tagged godwits during southbound migration and encompassed the 
breeding and fall staging area (46-47
◦
 N Latitude and 101–99◦W Longitude) used by a 
godwit tagged in Georgia (Figure 11). A second godwit tagged in Georgia used breeding 
and fall staging habitats in the 44-45
◦
 N Latitude and 99 -100
◦
 W Longitude five minute 
block, immediately south of the area used by godwits from Akimiski Island.   
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CHAPTER 4 
 
DETAILED ACCOUNTS OF LIFE CYCLE ACTIVITIES  
 
BY INDIVIDUALLY TAGGED BIRDS 
 
 
Following are detailed accounts of life cycle activities by each tagged Marbled 
Godwit listed by capture location. 
 
BEAR RIVER MIGRATORY BIRD REFUGE, UTAH, USA 
 
61984A 
Godwit 61984A, a female, was captured 13 April 2006 at BRMBR, UT and 
equipped with a 12.0g PTT with a 6:24 On/Off cycle (Figure 12).  A total of 284 satellite 
locations over 67 days (13 April 2006 – 19 June, 2006) were collected from this birds’ 
PTT (Table A3).   
By 17 April the bird had moved south along the eastern shore of Great Salt Lake 
approximately 23 km to Ogden Bay Wildlife Management Area (WMA) administered by 
the Utah Division of Wildlife Resources (41.164N, 112.21W).  The bird had moved 
another 31km south along the GSL shoreline by 19 April (40.835N, 112.041W).  It 
remained in this vicinity until 29 April at 18:30 MST.  The bird initiated northbound  
migration shortly after this time as by 21:24 MST the bird was located in Bear Lake  
County in the southeastern corner of Idaho, 174 km north of its previous location 
(42.494N, 111.548W).  Twenty-four hours later, on 30 April 23:24 CST the bird was  
located at Old Wives Lake in south-central Saskatchewan, Canada a distance of 890 km 
from GSL (50.114N, 106.17W).  Old Wives Lake, the fourth largest saline lake in North 
America, is designated a Migratory Bird Sanctuary by Environment Canada and is  
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FIGURE 12.  Migration route and location points of Marbled Godwit 61984A captured at 
Bear River Migratory Bird Refuge, UT, 2006. 
 
designated a Hemispheric site as part of the Western Hemisphere Shorebird Reserve 
Network (WHSRN).  The bird remained at Old Wives Lake through 1 May as determined 
by multiple transmissions from the area.   On May 2, the bird traveled 159 km farther  
northeast and arrived at its final destination of Last Mountain Lake, Saskatchewan, 
Canada (51.407N, 105.121W).  Administered by the Canadian Wildlife Service, Last 
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Mountain Lake is a National Wildlife Area as well as a Regional WHSRN site.  On 4 
May, the bird was photographed by Canadian Wildlife Service staff.  The bird stayed 
within an 11 km area around Last Mountain Lake through 19 June.  After this time PTT 
sensors indicated no activity.    
After an extensive search by a volunteer, the carcass, with PTT and harness still 
intact, were found on 19 September.  Cause of death could not be determined.  The PTT 
was returned to us and used on another bird.  
61985 
Godwit 61985 was captured at BRMBR on 19 April, 2006 and equipped with a 
12.0 g PTT with an 8:36 On/Off cycle.  A total of 494 satellite locations over 129 days 
(19 April, 2006 – 26 August, 2006) were collected by the birds’ PTT (Table A3).   
Migration from BRMBR was initiated on 25 April, 2006.  By 26 April, the bird 
had migrated 544 km northward into central Montana, stopping 8 km northeast of 
Martinsdale, Wheatland County for < 36 hr (46.492N, 110.220W) (Figure 13).   
Migration ended by 27 April when the godwit was located in southeastern Alberta, 
Canada about 64 km northeast of Brooks and 486 km north of the MT stopover 
(51.041N, 111.411W).  The godwit remained in Alberta for 87 days through 23 July.  The 
bird initiated southbound migration on 23 July with the bird located 282 km south in 
northwestern MT in Pondera County about 12 miles northwest of Valier at Alkali Lake 
where it remained for < 43 hr (48.412N, 112.454W).  On 26 July 17:01 MST the bird was 
in flight in southeastern Idaho (42.202N, 111.791W), reaching GSL by 21:02 MST 
(41.366N, 112.213W).  Estimated flight speed for the 26 July segment was 27.2 km/hr. 
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FIGURE 13.  Migration route and location points of Marbled Godwit 61985 captured at 
Bear River Migratory Bird Refuge, UT, 2006. 
 
After 18 days within the northeast arm of GSL the godwit migrated another 837 
km south, to the vicinity of Blythe, California adjacent to the Colorado River by 13 
August (33.689N, 114.677W).  The godwit remained in this area through 16 August (< 3 
days).  By 17 August, the bird had moved to Gonzaga Bay, on the east coast of the Baja 
peninsula (Norte), Mexico another 365 km south (29.794N, 114.402W).  The bird 
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remained in this area until the PTT sensors indicated no activity 26 August, 2006.  The 
stop at Gonzaga Bay may not have been the birds’ final winter destination before PTT 
loss or bird death. 
A visit to San Luis Gonzaga, Mexico on January, 2008 revealed only a small  
number of wintering shorebirds (< 20 Long billed Curlew, Numenius americanus).  We  
were unable to locate either a carcass or the PTT though it was still actively transmitting.  
61986 
Godwit 61986, a male, was captured on 4 August, 2006 at BRMBR and was 
equipped with a 9.5 g PTT with a 6:24 On/Off cycle.  A total of 198 satellite locations 
over a 309 day period (4 August, 2006 – 9 June, 2007) were collected by the PTT (Table 
A3).   
The bird remained in the vicinity of BRMBR until at least 27 October, 2006 as 
verified by personal observation (author).  Southbound migration was initiated 29 
October, 2006.   By 1 November, the bird had moved south 1563 km to wintering  
grounds at Yavaros Bay, near the city of Yavaros in the southern portion of the state of  
Sonora, Mexico (26.719N, 109.567W) (Figure 14).  The bird wintered at Yavaros Bay for 
172 days.   
 Onset of northbound migration was 19 April, 2007.  At 11:47 MST on 20 April, 
the godwit was located in Navajo County in northeastern Arizona near the town of Pinon, 
some 997 km north of the last location in Mexico (36.091N, 110.233W).  It was unknown 
whether the bird was in flight or using the site as a stopover.  The presence of a sewage or 
wastewater treatment plant within 0.5 km from the single location point in Pinon, AZ 
makes it plausible that the bird stopped there.  This godwit returned to BRMBR by 22 
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April, 2007.  After a residency of four days at BRMBR, UT, the bird continued 
northward on 26 April.  The bird was located in southeastern Alberta, Canada on 28 
April, 899 km north of BRMBR (50.032N, 111.963W).  The godwit traveled a total of 
2477 km during northbound migration in the spring.   
FIGURE 14.  Migration route and location points of Marbled Godwit 61986 captured at 
Bear River Migratory Bird Refuge, UT, 2006. 
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Locations in Alberta were within 13 km of the city of Vauxhall and roughly 109 
km south of the area in which bird 61985 used during the 2006 breeding period (May-
June).  The last transmission for this bird was received on 9 June, 2007, while still in the 
vicinity of Vauxhall, Alberta.  
61987 
 Godwit 61987, a male, was captured at BRMBR 6 August, 2006 and equipped 
with a 9.5g PTT with a 6:24 On/Off cycle.  A total of 301 satellite locations over a 406 
day period (6 August, 2006 – 16 September, 2007) were collected from the birds’ PTT 
(Table A3).   
 We estimated that southbound migration was initiated on 24 October, 2006 with 
the godwit arriving on the coast of Sonora, Mexico about 54 km south of Puerto Penasco 
and 95 km south of the Colorado River Delta (31.054N, 113.068W), by 26 October, a 
distance of 1080 km (Figure 15).  The bird remained at this stopover for about three days.  
Around 29 October, the godwit continued south another 940 km to Sinaloa, Mexico and 
stopped for another three day period in coastal wetlands 6 km north of the city of La 
Cruz, Sinaloa, Mexico (23.984N, 107.036W).  This wetland complex, Playa Ceuta, is 
recognized as an area of Regional importance to shorebirds as part of WHSRN.  
Southbound migration ended 1 November, 2006 when the bird arrived at wintering 
grounds another 169 km south at Laguna Grande, a large coastal wetland complex within 
6 km of Escuinapa, Sinaloa, Mexico (22.848N, 106.047W).   Laguna Grande is part of 
Sistema Lagunar Huizache-Caimanero, an 18,000 hectare lagoon system recognized by 
WHSRN as a site of Regional importance to shorebirds, in part due to numbers of 
Marbled Godwits.  It has been designated a Ramsar Wetland of International Importance, 
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an Important Bird Conservation Area and a National Priority Wetland for shorebirds as 
well as waterfowl.   The bird remained in this wetland system 1 November through 17 
March, 2007 (137 days).   
 
 
FIGURE 15.  Migration route and location points of Marbled Godwit 61987 captured at 
Bear River Migratory Bird Refuge, UT, 2006. 
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On 18 March 2007, godwit 61987 moved an additional 65 km farther south to  
another coastal wetland wintering location in the Mexican state of Nayarit, an area known 
as the Marismas Nacionales (22.348N, 105.600W).  This region encompasses 113,000 
hectares of mangroves and estuaries and is designated a site of International importance 
as part of WHSRN.  The bird remained in this area for an additional 21 days.  Spring 
migration was initiated on 22 April, 2007, as the bird moved 277 km northward up the 
coast, once again stopping at Playa Ceuta, Sinaloa for three days (24.207N, 107.449W).  
On 26 April this godwit moved northward up the Mexican coast another 92 km to the 
Bay of Santa Maria, a 53,000 hectare WHSRN site of Hemispheric importance (24.991N,  
107.944W).  On 29 April the godwit was located 1502 km north of Santa Maria, in  
Sevier County near the town of Glenwood, UT (38.776N, 111.985W).  The bird stopped 
at this site for at least 24 hr On May 3, 2007, the bird was located in wetlands along the 
south end of GSL, another 227 km north (40.892N, 112.099W).  Northbound migration 
commenced on May 8, 2007 as the bird was located on its apparent breeding grounds 854 
km north of GSL in northern Hill County, Montana near the Canadian border (48.876N, 
109.756W).   The bird traveled a total of 2952 km during northbound migration.   
By 11 May the bird moved about 21km southeast to the adjacent county (Blaine) 
where it remained in the vicinity of the Lodge River, 28 km northwest of the town of 
Chinook, MT (48.858N, 109.313W) for at least 56 days.  This birds movements appeared 
to be centered around a U.S. Fish and Wildlife Service managed Waterfowl Production 
Area (WPA) (Holm tract).  The last known location at this Montana site was 26 June.   
The bird was next located 14 July, 2007 at BRMBR (780 km south).  Departure 
and arrival dates could not be estimated as > 10 days elapsed between locations during 
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this crucial time period.  Godwit 61987 remained in the northeast arm of GSL on or 
adjacent to BRMBR until the last transmission was received from the PTT on 16 
September, 2007. 
61984B 
Godwit 61984B, a female, was captured 13 April, 2007 at BRMBR and equipped 
with a 12.0g PTT with a 6:24 On/Off cycle.  A total of 419 satellite locations over a 172 
day period (13 April, 2007 – 2 October, 2007) were collected from this birds’ PTT (Table 
A3).   
This bird remained in the northeast arm of GSL on or adjacent to BRMBR until 
28 April.  The bird initiated northbound migration on 28 April.  By 14:17 MST on 29 
April, the bird had migrated north 1138 km to southeastern Alberta, Canada about 4 km 
south of Youngstown (51.498N, 111.213W) (Figure 16).  The migration lasted < 25 hr as 
indicated by the last location at BRMBR and likely occurred as a non-stop flight. 
Average flight speed to cover the distance within 25 h would have been 45.9 km/hr 
(Table A6).   The bird remained in this area until 22 June (54 days).  On 23 June the 
godwit moved north about 29 km to where it resided for about seven days, perhaps 
indicative of post-breeding movement (51.809N, 111.189W).   
The bird moved about frequently for the next 24 days.  The godwit was in the 
vicinity south of Youngstown (51.423N, 111.118W) 1-3 July.  During 4-6 July, the bird 
had moved south about 117 km and was located about 41 km north of Medicine Hat, 
Alberta (50.402N, 110.856W).  On 7 July, the bird was located within 2 km of the 
Canada/USA border about 19 km northeast of Whitlash in Liberty County, Montana and  
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FIGURE 16.  Migration route and location points of Marbled Godwit 61984B captured at 
Bear River Migratory Bird Refuge, UT, 2007. 
 
153 km from the previous days’ location (40.016N, 111.051W).  By 8 July, the bird had 
moved northward about 90 km to an area about 12 km southeast of Bow Island (49.816N, 
111.209W).  During 9-11 July, the bird moved north again another 83 km.  The bird was 
found in wetlands 54 km west of Hilda, Alberta within Canadian Forces Base  
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Suffield/National Wildlife Area (50.524N, 110.803W).  On 12 July the godwit was at a 
wetland basin about 4 km southeast of Jenner (50.709N, 111.154W).  On 13 July the 
godwit moved 73 km north to an area 18 km south of Youngstown (51.364N, 111.226W).  
Continuing its northward trend for another 42 km, the bird was 5 km southwest of  
Hemaruka on 14 July.  The bird moved back and forth about 8 km between Little Gem to 
the east (51.753N, 110.993W) and Hemaruka through 16 July (51.730N, 111.133W).   
This godwit trended southward again on 17 July having moved 28 km south to 
wetlands west of Youngstown (51.496N, 111.385W).  It remained in this vicinity through 
20 July.  In late July (21-24) the bird was 108 km south, at a large lake about 7 km 
northeast of Tilley, Alberta (50.464N, 111.565W).    
Southbound migration was initiated in the afternoon or evening of 24 July.  The  
early morning hours (04:17-06:06 MST) of 25 July found the bird in flight between Butte  
and Lima, Montana a distance of 509 km from Tilley, Alberta (45.905N, 112.217W).  
Four in-flight locations were collected as the bird traveled about 122 km over a 1.8 hour 
period with an average flight speed of 67.5 km/hr (Table A6).  This is considerably faster 
than that calculated during northbound migration for the same bird.   
The bird stopped at American Falls Reservoir, ID as indicated by its location on 
the morning (09:36 MST) of 26 July (42.954N, 112.705W).  The Reservoir was 223 km 
south of the last in-flight point over MT.  Estimated residency at American Falls 
Reservoir, ID was two days.  This site is recognized as Regionally important to 
shorebirds by WHSRN.  
The bird continued southward another 181 km, reaching BRMBR on 27 July 
(41.417N, 112.089W).  This godwit was found in the freshwater wetlands on or  
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immediately adjacent to BRMBR for 52 days, 27 July – 17 September, 2007.  The bird  
continued its southward migration another 947 km on 18 September and was located at 
Salton Sea, California adjacent to the shoreline of the Wister Waterfowl Management 
Area (33.311N, 115.632W).  The bird likely completed this segment as a non-stop flight 
as there was only a 27.4 h window between the last location at BRMBR and the first 
location at Salton Sea.  Using the maximum time period between points the bird would 
have traveled >  34.5 km/hr.   
On 19 September this bird departed Salton Sea, CA and arrived at Bahia San 
Quintin, Baja California, Mexico (30.408N, 115.952W) a distance of 313 km.  Bahia San 
Quintin is part of a 37,800 hectare wetland complex located on the Pacific coast of 
Mexico and is designated a site of Regional importance as part of WHSRN, a Wetland of 
International Importance under the Ramsar Convention, and as an Important Bird Area.   
Godwit 61984B remained in the Bahia San Quintin complex until the last transmission 
from the PTT on 2 October, 2007.   
Very few shorebirds (2 – 3 Willets) were present upon a visit to the site January, 
2009 by the author.  There was also little exposed beach area for foraging shorebirds.  
Bahia San Quintin may represent only where the transmitter fell off the bird and not 
necessarily a wintering destination for godwits. 
61989   
Godwit 61989, a male, was captured 11 April, 2007 at BRMBR and equipped 
with a 9.5g PTT with a 10:48 On/Off cycle.  A total of 771 satellite locations over a 369 
day period (11 April, 2007 – 16 April, 2008) were collected by the birds’ PTT (Tables 
A3, A4).   
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The bird continued its northbound migration the evening of 25 April around 21:12 
MST (Figure 17).  The bird migrated 692 km to Fergus County, about 37 km northeast of 
Lewistown, in central Montana (47.192N, 108.986W).   The bird resided in this area on 
apparent breeding grounds, for 75 days.  We estimated the bird returned to BRMBR, UT 
on 10 July, 2007 (41.414N, 112.121W).  No en-route stops were detected.  The godwit 
remained on or adjacent to BRMBR for the next 62 days.  On 10 September the bird 
continued its southward migration, as three en-route signals during flight over Utah and 
northern Arizona were recorded.  The bird was traveling an average of 62.8 km/hr 
(Tables A6) over this stretch along the western front of the Wasatch Mountains between 
Delta and Cedar City, UT and southwest of Colorado City, AZ. 
We estimated the bird arrived at the Gulf of California, along the coast of the 
Mexican state of Sonora, on 12 September, 2007 after traveling a distance of 1135 km  
from BRMBR, likely non-stop.  The godwit was located in an estuary known as Estero 
Morua, 5 km east of the city of Puerto Penasco (31.291N, 113.441W).  Estero Morua is 
41km north of the estuary where Godwit 61987 stopped for several days on its 
southbound migration to a winter locale in Sinaloa, Mexico.   
 After 19 days at Morua estuary, the godwit flew across the Gulf of California and 
the Baja Peninsula another 376 km on 1 October, to spend the next five months at 
Guerrero Negro on the Pacific Coast of the Baja Peninsula (27.943N, 114.098W).  
This lagoon complex is situated near the community of Guerrero Negro in the state of 
Baja California, Sur.  Guerrero Negro, combined with Ojo de Liebre, make up a 163,765 
hectare complex that is recognized as one of the most important wintering areas in North 
America for shorebirds.  It is designated a site of Hemispheric Importance as part of 
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FIGURE 17.  Migration route and location points of Marbled Godwit 61989 captured at 
Bear River Migratory Bird Refuge, UT, 2007. 
 
WHSRN.  Godwit 61989 stayed almost exclusively within the Guerrero Negro estuary 
(20,102 hectares) for the next 193 days.   
Northbound migration was initiated on 12 April, 2008.  The bird moved  
northward along the coast 543 km to stop at the coast of Primo Tapia, Baja California  
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Norte for two days (32.201N, 116.925W).  On 14 April, the bird continued another 232 
km along the Pacific Coast to El Segundo, a suburb of Los Angeles, California, USA 
(33.907N, 118.393W).  The final transmission from the PTT was at this location on 16 
April, 2008.    
70536 
 Godwit 70536, a female, was captured on 14 April, 2007 at BRMBR and 
equipped with a 9.5g PTT with a 10:48 On/Off cycle.  A total of 356 satellite locations 
over a 215 day period (14 April, 2007 – 15 November, 2007) were collected by the birds’ 
PTT (Tables A3, A4).  
Godwit 70536 remained on or adjacent to BRMBR until 20 April.  Northbound 
migration continued on 20 April to southwestern North Dakota in Hettinger County, 
about 13 km south of Regent (46.303N, 102.561W); a distance of 944 km from BRMBR 
(Figure 18).  The bird stopped at this area for three days before continuing northeast 
another 166 km to Lost Lake National Wildlife Refuge (NWR), McLean County, 11 km 
southeast of Washburn, ND (47.280N, 100.924W) on 24 April.  The bird remained in the 
vicinity of Lost Lake NWR for the next 49 days (11 June, 2007).   
On 12 June, the bird began a series of local movements, perhaps associated with 
the post-breeding period.  Godwit 70536 moved north from Lost Lake NWR about 74 km 
for a two-day stop in an area about 9 km from Butte, ND in McHenry County (47.919N, 
100.705W).  The bird returned to Lost Lake NWR for another two days (13-15 June) 
before moving east 35 km to northern Burleigh County, ND (47.261N, 100.442W) for an 
additional three days.  On 18 June, the bird moved south 23 km to a lake near Arena, ND  
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FIGURE 18.  Migration route and location points of Marbled Godwit 70536 captured at 
Bear River Migratory Bird Refuge, UT, 2007. 
 
where it stopped for four days (47.140N, 100.142W).  On 22 June the bird moved back 
north to Burleigh County for five days.   
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 Godwit 70536 initiated southbound migration on 27 June.  The bird appeared to 
overshoot BRMBR as signals indicated the bird was flying through southern Colorado, 
La Plata County, south of Durango 14 km (37.144N, 107.888W), 1293 km from the last  
location in ND.  The next four successive signals indicated the bird was heading 
northwest apparently toward BRMBR, UT.  The en-route signals revealed the bird 
covered a distance of 415 km in 6.25 hours from 23:17 to 04:15 MST (28-29 June) for an 
average speed of 66.4 km/hr (Table A6).  
 Godwit 70536 arrived at BRMBR on June 30 and remained on or immediately 
adjacent to BRMBR for the next 19 days.  The godwit continued its southbound 
migration on 18 July as it traveled 205 km to Fish Springs National Wildlife Refuge  
(39.871N, 113.399W) for a two-day stop.  This refuge, encompassing a series of natural 
springs, is 117 km southwest of Tooele, UT in the west desert.   
On 20 July the bird continued south 725 km from Fish Springs NWR to the 
Colorado River floodplain about 4 km north of Palo Verde, CA in Imperial County  
(33.459N, 114.713W) where it stopped for five days.  Godwit 70536 completed the final 
leg of its southbound migration on 25 July, reaching Ojo de Liebre on the Pacific coast of  
the Baja Peninsula, Mexico (27.752N, 114.179W).  The bird remained in this estuary  
until the last transmission indicating activity was received on 15 November, 2007. 
Godwit 70536 traveled 3493 km on its southbound trek from apparent breeding 
grounds in west-central North Dakota to wintering grounds on the Baja Peninsula Mexico 
over a 28 day period 27 June – 25 July with three stops en-route (BRMBR, and Fish 
Springs NWR, UT and Palo Verde, CA). 
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70538  
Godwit 70538, a female was captured on BRMBR 14 April, 2007 and equipped 
with a 9.5g PTT with a 10:48 On/Off cycle.  A total of 709 locations over a 311 day 
period (14 April, 2007 – 19 February, 2008) were collected from the birds’ PTT (Tables 
A3, A4).  
On 26 April, the bird initiated migration as the bird was already 36 km northeast 
of the BRMBR by 22:31 MST (41.756N, 111.930W) (Figure 19).  By 27 April, the bird 
completed northward migration (765 km) as it had arrived in the vicinity of Weigand 
Reservoir on the Blaine/Phillips County line in north-central Montana, 41 km southwest 
of Malta (48.248N, 108.424W).  It remained in this area for the next 68 days, presumably 
to breed. 
On 4 July, the bird initiated southbound migration to return to BRMBR for a 35 
day stopover.  On 8 August, the bird continued southward migration, stopping for two 
days along the Colorado River in the vicinity of Havasu National Wildlife Refuge in  
Topock, Arizona (34.706N, 114.501W) a distance of 725 km from BRMBR.  On 10 
August, the godwit continued south another 286 km to the Colorado River delta 
straddling the Baja California Norte/Sonora Mexico border (32.018N, 114.852W) for five 
days.   
On 15 August, the godwit finished southbound migration upon reaching the Ojo 
de Liebre wetland complex Baja California, Mexico (27.645N, 114.044W) near the town 
of Guerrero Negro, 487 km from the previous stop.  Godwit 70538 traveled a total 2263 
km during southbound migration. The bird remained in the Ojo de Liebre portion of this 
site for the next 188 days until the last PTT transmission on 19 February, 2008. 
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FIGURE 19.  Migration route and location points of Marbled Godwit 70538 captured at 
Bear River Migratory Bird Refuge, UT, 2007. 
 
70539 
Godwit 70539, a female, was captured at BRMBR on 12 April, 2007 and 
equipped with a 9.5g PTT with a 10:48 On/Off cycle.  A total of 157 locations over a 78 
day period (12 April, 2007 – 29 June, 2007) were collected by the birds’ PTT (Tables A3, 
A4). 
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The bird remained at BRMBR and adjacent habitats until 21 April when it 
continued northbound migration (Figure 20).  On 22 April from 02:43 to 09:17 MST six 
signals were received while in flight between northcentral Wyoming (44.094N, 
108.084W) and southeastern Montana (46.578N, 104.767W) while traveling an average 
60.2 km/hr (Table A6).  The bird completed northbound migration on 22 April upon 
arriving 8 km northeast of Waterford City, McKenzie County, North Dakota (47.838N, 
103.146W).  The bird remained in the vicinity of Waterford City for the next 61 days.   
On 22 June, the bird was detected in flight heading to a wetland (Round Lake)  
north of Westby, MT in Sheridan County (48.880N, 104.053W), at an average speed of  
34.7 km/hr (Table A6).  After a day near Westby, the bird moved north another 43 km  
to an area 4 km south of Tribune, Saskatchewan, Canada (49.204N, 103.716W) where it  
stopped for two more days.  Godwit 70539 initiated southbound migration on 25 June 
and had moved south 967 km from its previous location in Saskatchewan to an area 15 
km west of Lander, WY (42.848N, 108.931W).  PTT sensors from data collected at this 
locale indicated lack of movement or activity after 29 June.   It is unknown whether this 
was a stopover or the locale where the bird lost the PTT mid-flight.  
75690 
Godwit 75690, a male, was captured at BRMBR 14 April, 2008 and equipped  
with a 9.5 g PTT with a 10:48 On/Off cycle.  A total of 349 locations over a 100-day 
period (14 April, 2008 – 23 July, 2008) were collected by the birds’ PTT (Tables A3, 
A4). 
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FIGURE 20.  Migration route and location points of Marbled Godwit 70539 captured at 
Bear River Migratory Bird Refuge, UT, 2007. 
 
The bird remained on or adjacent to BRMBR for the next 13 days.  On 27 April 
the bird continued northward 912 km to apparent breeding grounds, 43 km west of the 
city of Opheium, in Valley County, northeastern Montana (48.804N, 106.996W) (Figure 
21).  The bird remained in this area for the next 27 days.  On 24 May the bird then moved 
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46 km southwest into Phillips County MT, adjacent to Nelson Reservoir (48.478N, 
107.433W) where it stayed for a day before moving to Bowdoin National Wildlife  
Refuge, Malta, MT another 22 km southwest (48.407N, 107.701W).  Bowdoin NWR is 
recognized as a Regional WHSRN site.  The bird moved frequently between  
these three sites over the next 20 day period (May 25 – June 16) before settling at 
Bowdoin NWR or the immediate vicinity from 17 June - 12 July (25 days).   
On 12 July godwit 75690 initiated southbound migration on a route that covered 
583 km and included en-route satellite locations in Golden Valley (46.223N, 109.264W)  
and Stillwater Counties (45.797N, 109.624W) north and west of Billings, MT and Park  
(44.546N, 108.985W), and Fremont Counties in Wyoming.  This first leg of southbound  
migration ended with a two day stop at Ocean Lake (8 km southeast of the town of 
Pavillion) in Fremont County, Wyoming (43.201N, 108.575W).  During this segment of 
migration, the godwit traveled an average 72.6 km/hr (Table A6).   
On 14 July, the bird continued its journey south another 356 km to the next  
stopover, BRMBR, UT where it stayed until 22 July.  On 22 July, the bird continued  
south once again, leaving GSL at a bearing of 230
◦
.  Average flight speed for three  
signals while departing GSL averaged 72.3 km/hr (Table A6).  The last location from this 
bird was 269 km southwest of BRMBR in White Pine County in eastern Nevada, 29 km 
northeast of McGill (39.638N, 114.623W).  
80796 
 Godwit 80796, a male, was captured at BRMBR on 12 April, 2008 and equipped 
with a 9.5 g PTT with an 8:36 On/Off cycle.  A total of 971 locations over a 522-day  
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FIGURE 21.  Migration route and location points of Marbled Godwit 75690 captured at 
Bear River Migratory Bird Refuge, UT, 2008. 
 
period (12 April, 2008 – 16 September, 2009) were collected by the birds’ PTT (Tables 
A3, A4). 
The bird remained on or adjacent to BRMBR for the next 16 days.  On 28 April, 
the bird continued northward another 959 km to apparent breeding grounds in Alberta, 
Canada, 30 km north of the town of Ralston on Suffield Airbase (50.502N, 111.028W) 
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(Figure 22).  The bird remained in this area for the next 72 days (28 April – 9 July) before 
moving 56 km southwest to a locale 7 km south of the town of Tilley, AB (50.391N,  
111.622W) 9 July.  The bird used habitats within 7 northeast and south of Tilley, AB for 
the next six days. 
Godwit 80796 initiated southward migration on 15 July, 2008, traversing 962 km 
to return to BRMBR.  Several locations during flight from 20:44 – 23:57 MST indicated  
the bird angled slightly southeast (163
◦
) on the migration segment between American  
Falls Reservoir, ID and BRMBR, UT while traveling at 40.3 km/hr (Table A6).  This  
godwit remained in habitats on or immediately adjacent to BRMBR for the next 72 days 
(16 July – 23 September, 2008).  On 23 September, the godwit continued southbound 
migration.  En-route signals, indicated the bird flew parallel to the Colorado River  
from 33 km northwest of Dolan Springs, AZ (35.740N, 114.647W), south 86 km over 
Lake Mead National Recreation Area to Needles, CA (34.844N, 114.557W) where he 
stopped for a day.  The bird traveled 31.9 km/hr during that segment of migration  
(Table A6).  
On 25 September the bird initiated the final leg of its southbound migration and  
was en-route along the Pacific Coast of Baja California Sur.  The bird arrived at his 
wintering destination of Ojo de Liebre (27.894N, 114.216W) the afternoon of 26 
September 2008 after traversing 727 km from the stopover in Needles, CA.   
Though the PTT sensors indicated movement or activity, Godwit 80796 did not 
migrate north in 2009.  Instead, signals indicated the bird remained at Ojo de Liebre, Baja 
California Sur for > 355 days until the last transmission was received on 16 September, 
2009.  
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FIGURE 22.  Migration route and location points of Marbled Godwit 80796 captured at 
Bear River Migratory Bird Refuge, UT, 2008. 
 
84207  
 Godwit 84207, a male, was captured at BRMBR 30 September, 2008 along with 
84208, and equipped with a 9.5 g PTT with a 10:48 On/Off cycle.  A total of 177 
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locations over 49 days (30 September, 2008 – 17 November, 2008) were collected by the 
birds’ PTT (Tables A3, A4).  
The godwit remained in habitats on or immediately adjacent to BRMBR for the 
next 49 days (17 November, 2008) after which time, no more transmissions were 
received.  No migration information is available for this bird.  
84208 
 Godwit 84208, a male, was captured at BRMBR 30 September, 2008 along with 
84207, and equipped with a 9.5g PTT with a 10:48 On/Off cycle.  A total of 1446 
locations over a 495 day period (30 September, 2008 – 6 February, 2010) were collected 
by the birds’ PTT (Tables A3, A4).   
The godwit remained in habitats on or immediately adjacent to BRMBR for the  
next 24 days through 23 October before moving south along the eastern shoreline of 
Great Salt Lake 26 km to Ogden Bay State Wildlife Management Area (41.169N, 
112.206W).  The bird used Ogden bay and adjacent habitats for the next 54 days (23 
October -16 December, 2008).  On 16 December the bird initiated southbound migration 
and was located in flight, 209 km south of Ogden Bay WMA in Millard County, 20 km 
south of Delta, Utah (39.176N, 112.545W) in the valley between the Wasatch Mountains  
and Sevier Lake (Figure 23).  The bird continued, likely non-stop, 472 km to the 
Colorado River valley, near Fort Mohave, AZ (34.994N, 114.663W) where it remained 
for the next 10 days.  On 27 December, the bird continued south another 234 km to the 
Imperial Valley of California, 7 km northeast of the city of Holtville (32.870N, 
115.398W).  The godwit remained in this area for three days before moving west 11 km  
to use ponds associated with a commercial fish farm, 6 km northeast of Imperial, CA 
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FIGURE 23.  Migration route and location points of Marbled Godwit 84208 captured at 
Bear River Migratory Bird Refuge, UT, 2008. 
 
 (32.893N, 115.528W).  The bird used the ponds for 36 days (30 December, 2008 – 4  
February, 2009) before moving north 39 km to Sonny Bono Salton Sea National Wildlife 
Refuge (33.174N, 115.814W).  Sonny Bono Salton Sea NWR is a 15,216 hectare wetland  
area on the south shore of Salton Sea, California recognized as a Regional WHSRN site.  
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Though PTT sensor data indicated activity, the bird never initiated northbound 
migration.  Instead, the bird remained along the south shore of Salton Sea and Sonny 
Bono NWR for a total of 367 days (4 February, 2009 – 6 February, 2010) until the last 
PTT transmission on 6 February, 2010. 
AKIMISKI ISLAND, NUNAVUT TERRITORY, CANADA 
70540 
 Godwit 70540, a male, was captured on breeding grounds on Akimiski Island, 
Nunavut, Canada 6 June, 2007 (53.105N, 80.956W) and equipped with a 9.5g PTT with a 
10:48 On/Off cycle.  A total of eight locations over a five day period (6 June, 2007 – 11 
June, 2007) were collected by the birds’ PTT (Tables A3, A4).  Either the bird died or the 
transmitter fell off within five days as PTT sensors indicated no activity after this date.  
No further information is available on this bird. 
75687 
 Godwit 75687, a male, was captured on breeding grounds on Akimiski Island, 
Nunavut, Canada on 1 June, 2007 (53.105N, 80.956W) and equipped with a 9.5g PTT 
with a 10:48 On/Off cycle.  A total of 288 locations over an 89-day period (1 June, 2007 
– 29 August, 2007) were collected by the birds’ PTT (Tables A3, A4).  
While on the Island, there were two distinct patterns of habitat use.  The godwit 
used habitats along the north shore of the island, within 7 km of base camp, for 47 days 
after capture.  On the afternoon of 17 July the bird flew 54 km to the west end of the  
island across the strait from the community of Attawapiskat (53.099N, 81.940W).  For 
the next 31 days, the bird moved between the western tip of the island and a location 26  
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km farther east along the southern shoreline of Akimiski Island (52.908N, 81.690W).   
On 17 August, godwit 75687 initiated southbound migration as 10 locations  
during flight were detected (Figure 24).  The bird was 136 km south of Akimiski 
(51.846N, 82.851W) along the Albany River by 18:20 EST and continued on a 
southwesterly bearing (216
◦
) through Ontario, Canada.  The bird began to cross Lake 
Superior about 3 km south of Pic River, Ontario (48.585N, 86.266W) at 00:26 EST on 18 
August and was within 17 km of the tip of the Keweenaw Peninsula, Michigan (47.502N, 
87.521W) when the last transmission for the cycle was received at 02:44 EST.  The bird 
traveled 588 km from Akimiski Island to just off the Keeweenaw Peninsula, Michigan at 
an average speed of 70 km/hr (Table A6).  
 The godwit continued another 866 km reaching Hutchinson County in southeast, 
South Dakota near the James River, 6 km from the town of Olivet (43.268N, 97.611W) 
by 19 August.  The bird remained in this area for the next nine days.  On 28 August the  
bird continued its southbound migration.  The final transmission from godwit 75687 was   
during flight, 942 km south from the previous location in SD, while over Taos County in 
northern New Mexico on 28 August (36.742N, 105.776W).  
  70541  
 Godwit 70541, a female, was captured along with 75689, a male, on breeding 
grounds, Akimiski Island, Nunavut, Canada on 26 May, 2008, and equipped with a 9.5g 
PTT with a 10:48 On/Off cycle.  A total of 435 locations over a 123-day period (26 May, 
2008 – 26 September, 2008) were collected by the birds’ PTT (Tables A3, A4).  The 
birds were captured via mist net, northwest of base camp (53.133N, 81.353W).   The bird 
utilized habitats along the north shore of Akimiski Island for the next 81 days.   
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FIGURE 24.  Migration route and location points of Marbled Godwit 75687 captured at 
Akimiski Island, Nunavut, Canada, 2007. 
 
 On 15 August, the bird initiated southbound migration (Figure 25).  On 16 August 
the bird was in the southwestern corner of Nebraska in Hitchcock County, southwest of 
McCook 16 km (40.142N, 100.780W) and 2072 km from Akimiski Island.  Five signals 
were detected while the bird was moving northwest from McCook to Imperial, Nebraska 
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(40.507N, 101.608W).  The bird covered 81 km in 4.1 hr at an average ground speed of 
19.8 km/hr (Table A6).  From Imperial, the bird headed north another 88 km to Lake 
McConaughy, Keith County, NE where it stopped for four days (41.274N, 101.877W).  
 On 20 August the bird moved 688 km northeast to Stutsman County, North 
Dakota, 23 km north of Jamestown (47.108N, 98.781W) and within 3 km of Arrowwood 
National Wildlife Refuge.  After two days in Stutsman County, the godwit moved 100 
km southeast to LaMoure County, ND for another two day stop (46.331N, 98.114W) at a 
U.S. Fish and Wildlife Service (USFWS) managed Waterfowl Production Area (Nelson).  
On 24 August, godwit 70541 moved an additional 28 km southeast to a wetland complex 
where it stayed for nine days.  On 2 September the bird move south once again, 65 km to 
Brown County, South Dakota, about 2 km northeast of Columbia and immediately 
adjacent to Sand Lake National Wildlife Refuge  (45.621N, 98.295W) where it resided 
for three days before moving north once again into Dickey County, ND (46.043N, 
98.371W).  On 8 September, after three days in Dickey County, ND, a series of locations 
along the Dickey/Sargent County, ND line 9 km southeast of Oakes (46.089N, 98.015W) 
were recorded during flight.  The bird traveled from Dickey County, ND at a bearing of 
229
◦
 southwest to Edmunds County, SD averaging 32.2 km/hr (Table A6) before abruptly 
turning north and heading to a wetland complex in the west-central portion of McPherson 
County, SD 16 km east of Eureka (45.783N, 99.399W) where it remained for the next 
nine days through 18 September.  We don’t believe the abrupt change of direction 
indicates an error in the location data but rather a decision by the bird.  The route to 
Eureka, SD the bird took covered a distance of 167 km.  A more direct route would have 
been only 123 km.   
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FIGURE 25.  Migration and fall staging route and location points of Marbled Godwit 
70541 captured at Akimiski Island, Nunavut, Canada, 2008. 
 
On 19 September godwit 70541 continued southbound migration through western  
South Dakota and the western panhandle of Nebraska (bearing 205
◦
) covering a distance 
of 471 km between 21:16 – 06:05 CST (19-20 September) for an average rate of 60.4 
km/hr (Table A6).  By September 22, 2008 the bird had made it to Los Animas County, 
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Colorado about 18 km west of the unincorporated town of Trinchera (37.030N, 
104.280W).  The last transmission from godwit 70541 was on 26 September, 2008 while 
still in the vicinity of Trinchera, CO.  The bird covered 1097 km from Eureka, SD to 
Trinchera, CO during southbound migration from 19 – 22 September, 2008.  This 
location near Trinchera, CO is 136 km northeast of the final location received from 
godwit 75687, captured on Akimiski Island in 2007, perhaps indicating a migration 
corridor for this subpopulation. 
75689 
Godwit 75689, a male, was captured along with 70541, a female, 26 May, 2008, 
via mist net, northwest of base camp (53.133N, 81.353W) on breeding territory, Akimiski 
Island, Nunavut, Canada, and equipped with a 9.5g PTT with a 10:48 On/Off cycle.  A 
total of 890 locations over a 355 day period (26 May, 2008 – 16 May, 2009) were 
collected by the birds’ PTT (Tables A3, A4).  
The bird used habitats along the north shore of Akimiski Island for the next 49 
days before moving 59 km to the southeastern tip of the island 14 July (52.655N, 
80.690W).  The bird moved between the island tip and a location 42 km northwest along 
the south shore of the island (52.839N, 81.260W) for another 26 days, before initiating 
southbound migration 9 August, 2008.  By 10 August, godwit 75689 had journeyed 2113 
km through the midcontinent, USA and was located during flight in Gove County, 
Kansas 26 km east of the city of Gove (38.991N, 100.166W) (Figure 26).  Over the next  
several hours the bird continued southwest (218
◦
 ) 326 km to Cimarron County, 24 km 
northeast of Boise City (36.765N, 102.251W) in the Oklahoma panhandle at a speed of 
62.7 km/hr (Table A6).  The godwit traveled 2943 km to its first stopover which is the  
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FIGURE 26.  Migration route and location points of Marbled Godwit 75689 captured at 
Akimiski Island, Nunavut, Canada, 2008. 
 
longest non-stop flight detected in the study.  The bird remained in this area for two days 
before continuing its southward trek another 242 km to Swisher County in the Texas 
panhandle (34.465N, 101.964W) on 13 August.  On 15 August, the godwit moved about 
14 km southwest to an intensely irrigated area about 3 km north of Hart, Texas (34.414N, 
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102.077W) in Castro County where it remained for another 10 days.  On 24 August the 
godwit completed the final leg of its southbound migration after traversing another 1093 
km to arrive at the Colorado River Delta 60 km north of Puerto Penasco, Sonora, Mexico 
(31.581N, 113.985W).  This is the same estuary that godwit 75688 (also captured on 
Akimiski Island in 2008) occupied during the winter period 2008/2009.  This godwit was  
the only marked bird from Akimiski Island to utilize stopover habitats in Oklahoma and 
Texas.  
After spending 272 days at the Colorado River Delta in Mexico, Godwit 75689 
initiated northbound migration on 13 May, 2009.  By 14 May, the godwit had traveled 
1817 km and was located in flight about 6 km southeast of the city of Lyons in Burt 
County, Nebraska (41.916N, 96.536W).  From 09:51 – 14:56 CST the bird continued 
northward along the Missouri River, which forms the Nebraska/Iowa border, another 264 
km at a speed of 51.8 km/hr to Kingsbury County, SD in the vicinity of Whitewood Lake  
(44.298N, 97.218W) (Figure 26).  This is the longest (2081 km) northbound non-stop 
flight detected in the study.  After stopping for a day in this area, the bird continued 
northeast on 15 May another 852 km to Lake Saint Joseph, Ontario, Canada 188 km 
north of the township of Ignace (50.920N, 90.357W) and 655 km from Akimiski Island.  
This location was the last recorded for godwit 75689.  
75688 
 Godwit 75688, a female, was captured on breeding grounds, via noose mat, 
Akimiski Island, Nunavut, Canada on 25 May, 2008 (53.0895N, 80.954W) and equipped 
with a 9.5g PTT a 10:48 On/Off cycle.  A total of 625 locations over a 289-day period 
(25 May, 2008 – 10 March, 2009) were collected by the birds’ PTT (Tables A3, A4). 
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The godwit remained on Akimiski Island, using habitats along the north east 
shore of the island for another 68 days.  Southbound migration was initiated on 1 August, 
2008.  The bird traveled 1423 km to Brown County, SD about 6 km south of the town of  
Groton where it stopped for only one day (45.384N, 98.084W) (Figure 27).  On 2 August,  
the bird moved north 195 km to within 20 km of Long Lake National Wildlife Refuge in 
Kidder County, North Dakota (46.683N, 99.744W).  En-route signals between Groton, 
SD and Kidder County, ND indicated the bird traveled 60 km/hr between the two sites 
(Table A6).  The bird utilized habitats in and around Long Lake NWR for the next 21 
days.  On 23 August, 2008, godwit 75688 continued southward from ND using a route 
from northeastern Colorado in Yuma County (40.133N, 102.313W) at a bearing of 216
◦
, 
to north-central New Mexico, Sandoval County, northeast of Albuquerque (35.488N, 
106.338W).  En-route signals during this flight segment indicated the bird traveled an 
average of 64.3 km/hr (Table A6).  Though no en-route stops were detected during the 
southbound migration segment between South Dakota and New Mexico, the bird may 
have stopped for < 24 hr while the PTT was in the off mode.  We estimated southbound 
migration ended on 25 August, 2008 after reaching an estuary on the Colorado River 
delta area, Sonora, Mexico (31.616N, 113.955W), the same wintering location as 75689.  
The godwit remained at the same wetland (> 197 d) on the Gulf of California 60 km 
north of Puerto Penasco, Sonora, Mexico until 10 March, 2009 when PTT transmissions 
ended.  
80794 
 Godwit 80794, a male, was captured on breeding territory, Akimiski Island, 
Nunavut, Canada, May 27, 2008 via mist net along with Godwit 80795, a female believed 
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FIGURE 27.  Migration route and location points of Marbled Godwit 75688 captured at 
Akimiski Island, Nunavut, Canada, 2008. 
  
to be its mate (53.143N, 81.049W), and equipped with a 9.5g PTT with a 10:48 On/Off 
cycle.  A total of 983 locations over a 359 day period (27 May, 2008 - 21 May, 2009) 
were collected by this birds’ PTT (Tables A3, A4). 
 The bird used habitats about 7 km north of base camp (53.105N, 80.956W) along 
the north shore of the island for 43 days post-capture.  On 9 July the birds’ habitat use 
95 
 
 
 
shifted to an area 16 km farther northwest along the northern coast of the island 
(53.240N, 81.237W).  The bird remained in this area for an additional 19 days.  On 28 
July the godwit initiated southbound migration (Figure 28).  A series of in-flight locations 
from 04:47 – 14:07 EST on 29 July were collected as the bird paralleled the north shore 
of Lake Superior from 24 km south of Pic Island, Ontario, Canada, north of Isle Royale, 
to 11 km offshore from Silver Bay, MN (48.497N, 86.732W – 47.215N, 91.181W) 
covering a distance of 358 km.  Flight speed was the equivalent of 38.5 km/hr (Table 
A6).  We believe the bird migrated 1716 km non-stop to its first stopover site in South 
Dakota.   
 The bird stopped for two days (30 July – 1 Aug) in Sully County, South Dakota  
11 km north of the Lake Oahe dam (44.561N, 100.391W) before moving north 177 km to 
Emmons County, 3 km south of Linton, ND (46.251N, 100.269W).  After spending three  
days near Linton, the godwit moved another 55 km north into Logan County, ND 
(46.464N, 99.577W) where it stayed for one day at the USFWS Karius Waterfowl 
Production Area before moving back to Emmons County, 8 km east of Strasburg, ND (5 
August, 2008) (46.110N, 100.030W).  The bird stayed in this area for the next nine days.  
 On 14 August, the godwit continued its migration.  Heading south, the bird flew 
from Emmons County, ND through Sully, Jones, and Mellette counties in SD at 47.0 
km/hr (Table A6).  The bird was located 897 km to the southwest in Pueblo County,  
10 km southwest of Fowler, Colorado on 16 August, 2008 near Chicosa Creek (38.106N, 
104.151W).  It stopped here for two days before continuing south through New Mexico 
on 18 August another 338 km.   
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FIGURE 28.  Migration and fall staging route and location points of Marbled Godwit 
80794 captured at Akimiski Island, Nunavut, Canada, 2008. 
 
Locations during flight on 19 August, 2008, indicated godwit 80794 followed the 
Rio Grande River between Albuquerque and Luis Lopez, NM while traveling 42.3 km/hr 
to Luis Lopez, NM (33.990N, 106.912W) (Table A6).   The bird used habitats along  
the Rio Grande between Luis Lopez and San Antonia, NM and within 4 km of Bosque 
Del Apache National Wildlife Refuge for three days, 19 – 22 August, 2008.    
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 Continuing south 246 km on 23 August, the godwit stopped 13 km south of 
Puerto Palomas, Chihuahua, Mexico (31.674N, 107.599W) for another nine days.  In 
flight signals indicated the godwit left Puerto Palomas at a bearing of 213
◦
, crossing 492 
km of the Mexican States of Chihuahua and Sonora at 51 km/hr to reach the Gulf of  
California on 2 September, 2008 (27.787N, 110.593W).  The godwit stopped 33 km  
south of Guaymas, Sonora for a day before moving another 93 km south to Bahia de 
Tobari, a coastal wetland system 9 km southwest of the town of San Jose, Sonora, 
Mexico (27.115N, 109.980W) on 3 September.   
The godwit remained at this coastal wintering site for the next 55 days (3  
September – 28 October) before moving 56 km south to Bahia Yavaros (26.694N,  
109.541W). Godwit 80794 over wintered at Yavaros Bay (183 days) through 29 April, 
2009.  The godwit moved north back to Bahia de Tobari on 29 April, 2009, staying for an 
additional 21 days (27.005N, 109.914W).  Northbound migration was initiated on 20 
May, 2009.  The final transmission from godwit 80794 on 21 May, 2009 came from a 
location in Catron County, 33 km east of the village of Reserve, NM in the Tularosa 
Mountains (33.673N, 108.406W).  
80795 
Godwit 80795, a female thought to be paired with 80794, was captured on 
breeding territory on Akimiski Island, Nunavut, Canada, May 27, 2008 via mist net along 
with 80794 (53.143N, 81.046W), and equipped with a 9.5g PTT with a 10:48 On/Off 
cycle.  A total of 572 locations over a 386 day period (27 May, 2008 – 15 June, 2009) 
were collected by the birds’ PTT unit (Tables A3, A4). 
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The godwit used habitats about 7 km north of base camp (53.105N, 80.956W) for 
43 days after capture.  On 9 July the godwits’ movements, mirrored that of 80794 and 
shifted to an area about 15 km to the northwest (53.240N, 81.266W) where it remained 
for the next 21 days before initiating southbound migration on 30 July, 2008 (Figure 29).  
PTT signals indicated the bird had traveled 1484 km by 31 July and was in Lake County 
13 km southwest of Madison, SD (43.897N, 97.189W).  This first southbound migration 
segment from Akimiski Island to South Dakota was at a bearing of 234
◦
. 
Seven signals were recorded during flight from 17:39 – 01:35 CST (31 July -1 
August).  During this 7.9 hr period, the bird flew 637 km at a bearing of 222
◦ 
over Lake, 
McCook, Hutchinson, and Bon Homme counties in southeastern, South Dakota, Knox,  
Holt, Wheeler, Greeley, Valley, Custer, Dawson, Lincoln, Frontier, Hayes, 
Hitchcock, and Dundee, counties in Nebraska, Cheyenne County, Kansas, and Yuma and 
Kit Carson counties in Colorado.  The godwit averaged a ground speed of 80.6 km/hr 
during the aforementioned migration segment (Table A6).  The last location during this 
flight segment was 01:35 CST, 1 August, 2008.  The bird was in Kit Carson County, 30 
km north of Stratton, CO (39.560N, 102.509W).  On 2 August the bird continued south 
another 173 km to Otero County, Cheraw, CO (38.097N, 103.493W).  The godwit 
remained in the vicinity of Cheraw Lake for 11 days through 13 August.  Cheraw is 48 
km east of Fowler, CO where godwit 80794, the apparent mate of 80795, stopped for two 
days (16 – 18 August, 2008) on its southbound migration journey.   
On 13 August godwit 80795 initiated the final leg of its southward journey at a 
bearing of 209
◦
.  The bird flew another 1286 km, arriving at Bahia de Lobos, along the 
Gulf of California, 24 km southwest of San Ignacio Rio Muerto, Sonora, Mexico on 14 
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FIGURE 29.  Migration route and location points of Marbled Godwit 80795 captured at 
Akimiski Island, Nunavut, Canada, 2008. 
 
 
August, 2008 (27.307N, 110.489W).  The bird remained at this coastal wetland for the 
next 134 days through 26 December, 2008.  The bird moved 51 km south to Bahia de 
Tobari, 9 km southwest of the town of San Jose, Sonora, Mexico on 26 December 
(27.103N, 109.998W).  The bird wintered here for 142 days (26 December, 2008 – 17 
May, 2009).  This is the same wintering site that godwit 80794 utilized 3 September – 28 
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October, 2008 and 29 April – 20 May, 2009.  These two godwits were both present at 
Bahia de Tobari over an 18 day period (29 April -17 May, 2009) just prior to northbound 
migration.   
 
After spending 276 days at two coastal wintering sites along the Gulf of 
California, godwit 80795 initiated northbound migration on 17 May, 2009.  By 20 May, 
the bird had journeyed 2977 km to Lake Saint Joseph, 41 km south of the community of 
Pickle Lake, Ontario, Canada (51.105N, 90.266W).  This site is 22 km north of 
Pushkogon Lake, the last transmission site for Godwit 75689 on 16 May, 2009.  
The bird stopped for a day at Lake Saint Joseph before continuing on to the shore 
of James Bay on 21 May, 40 km southeast of the community of Attawapiskat, Ontario  
(52.708N, 81.990W).  The godwit utilized the James Bay shoreline for five days (21 – 26 
May) before making the final trek to Akimiski Island another 75 km northeast, 26 May, 
2009.  It is likely the birds’ northbound route was somewhat more direct (28◦) through the 
midcontinent USA than that utilized during southbound migration as no northbound 
stopover sites in the USA were detected.  Also, the time period between the last location 
on the wintering site in Mexico and the first location at the first Canadian stopover was of 
a short enough duration to infer that migration between Mexico and Canada was 
completed as a non-stop flight.   
The bird returned to the vicinity of the 2008 capture site, 7 km northwest of base 
camp (53.154N, 81.045W) on the island.  The bird remained in this area for at least 
another 22 days, until the final transmission on 17 June, 2009.  Godwit 80795 is the only 
bird captured on Akimiski Island whose PTT worked for a complete annual cycle, 
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recording location data throughout northbound spring migration until the bird returned to 
Akimiski Island breeding grounds. 
SAN BLAS, NAYARIT, MEXICO  
70537 
Godwit 70537, thought to be a male, was captured 28 January, 2007 on an island 
in the San Cristobal River, 1 km east of San Blas, Nayarit, Mexico (21.518N, 105.268W), 
and equipped with a 9.5g PTT with a 10:48 On/Off cycle.  A total of 658 locations over 
an 85 day period (28 January, 2007 – 17 February, 2008) were collected by the birds’  
PTT (Tables A3, A4).  The bird never initiated northward migration to breeding grounds.  
The bird used wetland habitat within the capture vicinity for 80 days post capture.  
On 18 April, 2007, the godwit moved north 80 km to another coastal mangrove estuary 
system that is part of the Marismas Nacionales (22.228N, 105.541W) and 8 km southeast 
of the village of Cuautla, for a two-day period before returning to the San Blas area 
(Figure 30).  The Marismas Nacionales is a 220,000 hectare coastal mangrove and marsh 
complex spanning coastal regions of the Mexican states of Sinaloa and Nayarit and is 
recognized as a site of International Importance by WHSRN.   
On 27 April, the bird moved northward 161 km to alight at Laguna Grande, a 
large coastal wetland complex within 18 km of Escuinapa, Sinaloa, Mexico (22.812N,  
105.902W) and part of the Sistema Lagunar Huizache-Caimanero, WHSRN site.  Enroute 
to Laguna Grande, godwit 70537 made two stops for one and two day periods in coastal 
marshes near Cuautla , Nayarit (22.203N, 105.508W) and Teacapan, Sinaloa (22.546N, 
105.653W) respectively.    
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FIGURE 30.  Movement and location points of Marbled Godwit 70537 captured at San 
Blas, Nayarit, Mexico, 2007. 
 
 
Godwit 70537 remained at the Laguna Grande estuary complex for the next 71 
days until 7 July.  On 9 July, the bird had returned to San Blas after spending two days in  
mangrove marshes near Pericos, Nayarit (22.073N, 105.385W).  The godwit inhabited  
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San Blas marshes for another extended period (122 days)   On 8 November, the bird 
moved north once again about 60 km to reside in marshes and ponds (likely a shrimp 
farm operation) adjacent to Pericos, Nayarit (22.064N, 105.355W) where it remained for 
32 days.  On 10 December, the godwit returned to the site near Escuinapa, Sinaloa 
(22.826N, 105.956W).  On 15 December the bird moved south 63 km back to Nayarit to 
a site within the Marismas Nacionales about 6 km east of the city of Novillero (22.371N, 
105.643W) where it stayed for the next 48 days.  The bird traveled south returning to San 
Blas (21.540N, 105.261W) on 1 February, 2008 where it remained until the last 
transmission from the PTT on 17 February, 2008.  
61988 
 Godwit 61988, a male, was captured January 31, 2007 in a mangrove marsh that 
is part of the Marismas Nacionales, 2 km northwest of the city of San Blas, Nayarit, 
Mexico (21.551N, 105.312W), and equipped with a 9.5g PTT with a 6:24 On/Off cycle.  
A total of 161 locations over a 117 day period (31 January, 2007 – 27 May, 2007) were 
collected by the birds’ PTT (Tables A3, A4).  
 The bird utilized coastal marshes within 7.5 km of the capture site through 25 
February, 2007.  By 25 February, the godwit moved 60 km up the coast to Laguna de  
Los Flores adjacent to the village of Pericos, Nayarit (22.074N, 105.377W) (Figure 31).  
This wetland is also part of the Marismas Nacionales.  The godwit remained in this 
wetland complex for 60 days.  On 27 April, the bird moved north along the coast of 
Sinaloa 332 km to a complex known as Ensenada de Pabellones (24.436N, 107.504W).  
Ensenada de Pabellones is a 45,000 hectare coastal marsh complex recognized as a site of 
International Importance as part of WHSRN as it hosts more than 300,000 wintering 
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FIGURE 31.  Migration and location points of Marbled Godwit 61988 captured at San 
Blas Nayarit, Mexico, 2007. 
 
shorebirds including Marbled Godwit.  The bird used this wetland complex for 21 days.  
 We estimated the bird initiated northbound migration on 19 May, 2007.  On 21 
May, a signal from the birds’ transmitter in flight, was detected 12 km southeast of 
Morris, in western Minnesota  (45.542N, 95.768W) a distance of 2410 km from 
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Ensenada Pabellones.  The two locations received from western Minnesota indicated the 
bird was traveling a northeasterly direction at 48.0 km/hr (Table A6).  The bird was 
estimated to arrive in southeastern Manitoba, Canada, 23 km north of Poplar Bay, on 24 
May (50.596N, 95.608W).  Though the PTT continued to transmit for several more 
months, the sensors indicated no further activity.   
GEORGIA, ATLANTIC COAST, USA 
80797 
 Godwit 80797, a male, was captured on Little St. Simon’s Island, GA (31.288N, 
81.282W) via canon net, 20 November, 2008 along with 84201, 84202 and 84203, and 
equipped with a 9.5 g PTT with a 10:48 On/Off cycle.  A total of 535 locations over 199 
days (20 November 2008 – 7 June, 2009) were collected by the birds’ PTT (Tables A3, 
A4). 
This bird never left the Georgia/South Carolina coastline.  All locations collected 
were from a 92 km stretch of coastline from Little St. Simon’s Island, GA (31.290N, 
81.281W) north to Turtle Island, SC (32.071N, 80.892W) (Figure 32).  The bird was not 
detected using coastal sites south of the capture site at Little St. Simon’s Island, GA. 
 Godwit 80797 stayed within the Altamaha River Delta for 156 days post capture 
(20 November, 2008 – 25 April, 2009).  The Altamaha River is the largest river system  
east of the Mississippi.  The 8549 hectare delta, where the Altamaha River meets the 
Atlantic Ocean, is recognized as a Regionally Important WHSRN site.   
The most frequently used sites within the Altamaha River Delta included Wolf Island 
National Wildlife Refuge, the Altamaha Sound and Sapelo Island (includes Blackbeard 
Island National Wildlife Refuge).  Seventy-seven percent of all the best of day locations  
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FIGURE 32.  Local winter movement and location points of Marbled Godwit 80797 
captured at Little St. Simon’s Island, Georgia, USA, 2008. 
 
were at these three sites (35, 31 and 11%, respectively).  Outside of the Delta, Tyree 
Island on the Wassaw Sound had the highest use by godwit 80797, accounting for 12% of 
best of day locations.  Turtle Island, SC (6%), Little St. Simon’s Island (4%), and 
Ossabaw Sound (1%) habitats were used sparingly by the godwit.  
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 On 25 April, the bird moved 68 km north along the coast to Wassaw Island 
National Wildlife Refuge (31.351N, 81.265W) where it remained for three days.  On 28 
April, godwit 80797 moved another 12 km north to Little Tybee Island on the Wassaw 
Sound (31.947N, 80.895W).  The godwit used this area for 13 days before returning 78 
km south to Little St. Simon’s Island on the Altamaha Delta area on 8 May (31.288N, 
81.282W).  Godwit 80797 stayed at the Altamaha Delta for two days and returned to 
Wassaw Sound on 10 May, 2009 for another 16 days (31.946N, 80.892W).  On 26 May, 
the bird moved 13 km north across the mouth of the Savannah River to the South 
Carolina coast of Turtle Island (32.071N, 80.892W) about 3 km north of Tybee Island 
National Wildlife Refuge.   All subsequent locations for the next 12 days indicated the 
bird remained in this vicinity until the final transmission on 7 June, 2009.  
 
84201 
 Godwit 84201, a female, was captured on Little St. Simon’s Island, GA (31.288N, 
81.282W) via canon net, 20 November, 2008 along with 80797, 84202 and 84203, and 
equipped with a 9.5 g PTT with a 10:48 On/Off cycle.  A total of 401 locations over 150  
days (20 November, 2008 – 19 April, 2009) were collected (Tables A3, A4). 
 The godwit stayed primarily within the Altamaha River Delta area for 143 days  
post-capture (20 November, 2008 – 18 April, 2009).  Poor location class (LC) quality of 
the data points (80% of LC = 0) precludes further examination of habitat use within the 
Delta area.   
 On 18 April, 2009 the godwit initiated northbound migration (Figure 33).  This 
bird was located 1146 km northwest of the Georgia coast in Logan County, 7 km south of  
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FIGURE 33.  Migration route and location points of Marbled Godwit 84201 captured at 
Little St. Simon’s Island, Georgia, USA, 2008.  
 
 
the city of Lincoln, Illinois (40.091N, 89.317W).  The bird was at this locale when the 
last transmission was received on 19 April, 2009. 
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84202 
Godwit 84202, a female, was captured on Little St. Simon’s Island, GA (31.288N, 
81.282W) via canon net, 20 November, 2008 along with 80797, 84201 and 84203, and  
equipped with a 9.5g PTT with a 10:48 On/Off cycle.  A total of 466 locations over 169  
days (20 November, 2008 – 20 July, 2009) were collected from godwit 84202  
(Tables A3, A4).  This bird never left the Georgia/South Carolina coastline (Figure 34).  
All locations collected were from a 246 km stretch of coastline from Little St. Simon’s 
Island, GA (31.290N, 81.281W) to Bull’s Bay at Cape Romain National Wildlife Refuge, 
SC (32.994N, 79.547W).  The most frequently used sites within the Altamaha River 
Delta included the Altamaha Sound, Wolf and Little St. Simon’s Island.  Ninety-two 
percent of all the best of day locations were at these three sites (81, 7 and 4%, 
respectively).  Outside of the Delta, habitats in St. Helena Sound (4%), Cape Romain 
NWR (1%), and Duveaux Bank (1%) were used sparingly by the godwit.   
 The godwit stayed within the vicinity of the Altamaha River Delta for 141 days 
post-capture (20 November, 2008 – 10 April, 2009) before moving north 136 km to St. 
Helena Sound, SC on 10 April (32.425N, 80.452W).  After two days at St. Helena Sound, 
the bird returned to the Altamaha Sound, GA for 17 more days.  On 29-30 April the bird 
was moving north again, en route to return to St. Helena Sound, SC (32.438N, 80.431W).  
Several locations during the flight segment between Ossabaw and St. Helena Sound 
indicated the bird was traveling at 55.0 km/hr (Table A6).  After one day at St. Helena 
Sound, the bird continued north another 97 km to Bull’s Bay on Cape Romain NWR 
(32.989N, 79.548W) where it stopped for six days before returning once again to St. 
Helena Sound on 7 May, 2009 (32.432N, 80.425W).  In the early morning hours of 8  
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FIGURE 34.  Local winter movement and location points of Marbled Godwit 84202 
captured at Little St. Simons’ Island, Georgia, USA, 2008. 
 
May, 2009 (06:20 EST), the bird moved north 24 km to Deveaux Bank, an island at the 
mouth of the North Edison River 3 km south of the town of Seabrook Island, SC 
(32.550N, 80.184W).  There were no further transmissions from this bird after 8 May, 
2009. 
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84203 
Godwit 84203, a male, was captured on Little St. Simon’s Island, GA (31.288N, 
81.282W) via canon net, 20 November, 2008 along with 84201, 84202 and 80797, and 
equipped with a 9.5 g PTT with a 10:48 On/Off cycle.  A total of 993 locations over a 
392-day period (20 November, 2008 – 17 December, 2009) were collected from this 
godwit (Tables A3, A4).  Godwit 84203, used marine habitats along a 170 km stretch of 
coastline from Seabrook Island, SC (32.580N, 80.147W) to Little St. Simon’s Island, GA 
(31.290N, 81.281W) (Figure 35). 
The godwit remained in the Altamaha Delta for 11 days post-capture before 
moving north 42 km to a location 3 km inland from St. Catherine’s Sound (31.681N, 
81.210W) on 1 December.  The bird remained in the Sound area for three days before 
moving another 21 km north, this time to Ossabaw Sound (31.842N, 81.069W) on 4  
December.  Godwit 84203 remained at Ossabaw Sound for the next nine days before 
traveling south 59 km back to the Altamaha Delta on 15 December (31.309N, 81.270W).  
The bird used habitats in the vicinity of the Altamaha River Delta for the next 46 days.  
 On 30 January, 2009 the bird flew north 143 km to St. Helena Sound, South 
Carolina (32.499N, 80.438W) where it stayed for 42 days before moving 52 km south to 
the mouth of the Savannah River, on the Georgia/South Carolina border (32.066N, 
80.839W) 13 March.  The bird used habitats around the Savannah River delta at a 
location about 3 km north of Tybee Island NWR, including the south shore of Hilton 
Head Island, SC (32.108N, 80.796W) for the next 29 days (13 March – 11 April, 2009).  
 On 11 April the bird traveled north 25 km from the Savannah River Delta to Port 
Royal Sound, SC (32.231N, 80.678W) for a period of three days before returning to the 
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FIGURE 35.  Migration route and location points of Marbled Godwit 84203 captured at 
Little St. Simon’s Island, Georgia, USA, 2008. 
 
Savannah River Delta area 14 April (32.133N, 80.769W).  Godwit 84203 used habitats 
around the Savannah River delta for another 12 days.  On 26 April, 2009 the bird 
returned to Port Royal Sound for a two day period (32.310N, 80.740W).   
The godwit initiated northbound migration on 28 April, 2009.  By 29 April, 2009  
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03:47 CST the godwit was located 1228 km northwest from the SC coast, in Henderson  
County, Illinois 7 km southwest of the town of Stronghurst and only 14 km east of the  
Mississippi River (40.685N, 90.939W).  Mid-flight locations over the next several hours 
(03:47 – 09:49 CST), indicated the bird continued northwest at a bearing of about 324◦  
from Henderson County, Illinois over Washington and Iowa counties in southeastern 
Iowa and Martin and Brown counties in south central Minnesota at a speed of 80 km/hr 
(Appendix F).  The last mid-flight location, indicated the bird was in Brown County, 9 
km west of New Ulm, MN (44.319N, 94.589W).  On 1 May, 2009 the bird had continued 
278 km west of New Ulm, MN to Beadle County, SD 11 km southeast of the town of 
Hitchcock (44.593N, 98.278W).  The godwit completed migration on May 2, 2009 after 
traveling another 292 km north to Grant County, North Dakota to an area 14 km northeast 
of the unincorporated community of Shields (46.349N, 101.063W) where it stayed for 
about five days.  The godwit traveled a total of 1888 km during northbound migration. 
On 7 May, godwit 84203 moved northeast 76 km to use habitats at Long Lake 
National Wildlife Refuge in Burleigh County, ND, 8 km east of the community of Moffit 
(46.666N, 100.188W).  After three days in the vicinity of Long Lake NWR (46.604N, 
100.271W), the bird returned to Grant County, ND on 10 May, 2009 (46.363N, 
101.081W).  After five more days in Grant County the bird returned to Long Lake NWR 
for two days before returning yet again to Grant County northeast of Shields, ND on 17 
May (46.337N, 101.139W) where it stayed for the next 34 days.   
On 20 June, the godwit moved 141 km east to McIntosh County, North Dakota 12 
km southeast of the city of Lehr (46.229N, 99.209W).  After two days near Lehr, the bird  
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moved 18 km south to a lake complex 17 km northeast of the city of Ashley, ND 
(46.057N, 99.170W).  After two days near Ashley, the bird flew 13 km north to the 
vicinity of McIntosh County State Wildlife Management Area (46.181N, 99.140W) on 24  
June.  The bird moved between these two sites several times over the next 10 days.   
After a 63 day residency period on the breeding grounds in North Dakota, godwit  
84203 initiated southbound migration on 4 July, 2009, travelling 2075 km back to St. 
Helena Sound, on the Atlantic coast, South Carolina by 01:58 EST, 6 July (32.436N, 
80.437W).  No southbound migration stopovers were detected though not ruled out due 
to amount of elapsed time (51 hr) between last location on breeding grounds and first 
location upon return to the wintering area.  After a day at St. Helena Sound the bird 
moved south 19 km to Port Royal Sound, SC (32.283N, 80.553W) for another day before 
continuing south another 118 km to Wolf Island NWR, within the Altamaha River Delta 
area, GA (31.343N, 81.284W) 7 July, 2009.   
The Marbled Godwit moved north 18 km on 9 September, 2009 to Sapelo Sound, 
GA (31.548N, 81.240W) after spending 64 days at the Altamaha River Delta.  From 
Sapelo Sound the bird headed north 38 km to stop for two days at Ossabaw Sound 
(31.877N, 81.073), then stopping seven days at Wassaw Sound (12 – 19 September, 
2009) (31.952N, 80.938W) before continuing to Port Royal Sound for three days 
(32.329N, 80.753W).  Continuing north, the bird stayed at St. Helena Sound, SC 
(32.484N, 80.392W) for a two day period (22 – 24 September, 2009) and another two 
days along the shore of Seabrook Island, SC (32.580N, 80.146W) (24 – 26 September) 
before flying back south 100 km to Wassaw Sound, GA (31.943N, 80.977W) on 26 
September, 2009.  After two days at Wassaw Sound, and another two days at Ossabaw 
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Sound, GA (31.834N, 81.069W) the bird returned to Wolf Island NWR on the Altamaha 
River Delta, 1 October, 2009 (31.343N, 81.284W).  Godwit 84203 moved 58 km north 
back to Ossabaw Sound, GA (31.842N, 81.049W) on 23 October only to return to the 
Altamaha River Delta on 31 October (31.316N, 81.293W).  The godwit moved 47 km 
north to St. Catherine’s Sound (31.751N, 81.198W) on 20 November, after spending 21 
days at the Altamaha River Delta.  The final transmission from this bird was 17 
December, 2009 while the godwit was still at St. Catherine’s Sound, GA. 
84204 
Godwit 84204, a female, was captured on Little St. Simon’s Island, GA (31.288N, 
81.282W) via canon net, 3 December, 2008 along with 84205, and equipped with a 9.5g 
PTT with an 8:36 On/Off cycle.  A total of 1087 location points over a 375 day period (3 
December, 2008 – 13 December, 2009) were collected from this bird (Tables A3, A4).  
While on the Atlantic Coast, USA, the godwit used a 70 km stretch of Atlantic coastline 
from Little St. Simon’s Island, Glynn County, GA (31.290N, 81.281W) to Ossabaw 
Sound, Chatham County, GA (31.854N, 81.066W). 
Godwit 84204 remained in the vicinity of the Altamaha River Delta for 27 days 
after capture before moving 47 km north to St. Catherine’s Sound, GA on 30 December,  
2008 (31.707N, 81.096W) (Figure 36).  After five days the bird flew to Ossabaw Sound, 
another 21 km north along the Georgia coastline (31.854N, 81.066W) on 3 January, 2009 
where it stayed for two days before returning to St. Catherine’s Sound on 5 January 
(31.737N, 81.117W).  After spending another week at St. Catherine’s Sound, the godwit 
once again flew north 21 km to Ossabaw Sound on 12 January (31.850N, 81.064W).   
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FIGURE 36.  Migration route and location points of Marbled Godwit 84204 captured at 
Little St. Simon’s Island, Georgia, USA, 2008. 
 
 After using habitats in the area of Ossabaw Sound (including the south end of 
Wassaw NWR) for 35 days, godwit 84204 moved south 64 km and returned to Little St. 
Simon’s Island at the Altamaha River Delta on 16 February, 2009 (31.286N, 81.308W).  
The bird used the Altamaha River Delta for 17 days through 5 March before moving 14 
km north to spend two days along the eastern shore of Sapelo Island (31.442N, 
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81.231W).  The godwit returned to the Altamaha River Delta area on 7 March (31.342N, 
81.299W).  The bird moved back and forth between Altamaha River Delta and Sapelo 
Island for the next 36 days before initiating northward (spring) migration on 12 April, 
2009.  By 13 April, the godwit had migrated 953 km northwest to Cape Girardeau 
County, Missouri, 2 km east of the city of Delta (37.197N, 89.713W).  After a two day 
stop in this area, the bird continued 1087 km north on 15 April to apparent breeding 
grounds in Hand County, South Dakota, 27 km northeast of the city of Highmore 
(44.717N, 99.235W).  The apparent breeding area of godwit 84204 was also located 
about 7 km west of the USFWS managed Slunecka Waterfowl Production Area.  Godwit 
84204 traveled a total 2040 km between Atlantic Coast, USA wintering sites to breeding 
grounds in South Dakota. 
The bird remained in this area for the next 49 days before moving south 40 km to 
a wetland area 20 km southwest of the city of Miller, SD on 4 June, 2009 (44.361N, 
99.113W).  The godwit returned 6 June, to the Highmore locale after spending two days 
outside of Miller, SD (44.729N, 99.270W).  These short distance movements between 4 - 
6 June, likely represent post-breeding movements.  The godwit had a 53 day residency 
period on the breeding grounds in South Dakota (16 April – 8 June, 2009).   
Godwit 84204 initiated southbound migration on 8 June, 2009 after spending two 
more days near Highmore, SD.  By 21:52 CST on 8 June, 2009 she had migrated 408 km 
south to Washington County, Nebraska 8 km northeast of the city of Arlington (41.491N, 
96.278W).  The next in-flight location signaled the bird had continued another 417 km 
southeast at a bearing of about 118
◦
 to Monroe County, Missouri 8 km south of the city of 
Shelbina (39.629N, 91.989W) traveling at 77.2 km/hr (Table A6). 
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Godwit 84204 completed southward migration on 10 June, 2009 after journeying 
2086 km from apparent breeding grounds in Hand County, SD to the Altamaha River 
Delta area, McIntosh County, GA, Atlantic Coast, USA (31.306N, 81.270W).  No 
southbound migration stopovers were detected, though not ruled out, due to amount of 
elapsed time (44 hr) between last in-flight data location and first data location upon return 
to the wintering area. 
The godwit used habitats within the Altamaha River Delta for the next 87 days 
until moving north 63 km to Ossabaw Sound, GA on 5 September, 2009 (31.849N, 
81.062W).  After 42 days at Ossabaw Sound, the bird headed south to the Altamaha 
River Delta (31.329N, 81.269W) only to return to Ossabaw Sound three days later on 20 
October, 2009 (31.870N, 81.065W).  Godwit 84204 remained at Ossabaw Sound for 
another 22 day stint (20 October – 11 November) before flying back to the Altamaha 
River Delta (31.314N, 81.247W) for five days only to return again to Ossabaw Sound 17 
November (31.858N, 81.049W).  The godwit was still at Ossabaw Sound upon the last 
PTT transmission on 13 December, 2009.    
84205 
 Godwit 84205, a female, was captured on Little St. Simon’s Island, GA (31.288N, 
81.282W) via canon net, 3 December, 2008 along with 84204, and equipped with a 9.5 g 
PTT with an 8:36 On/Off cycle.  A total of 712 location points over a 281-day period (3 
December, 2008 – 28 September, 2009) were collected from the birds’ PTT (Tables A3, 
A4). 
While on the Atlantic Coast, USA, the godwit used a 24 km stretch of the Georgia 
coastline considered part of the Altamaha River Delta, from Little St. Simon’s Island 
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(31.266N, 81.283W) north to Blackbeard Island National Wildlife Refuge (31.486N, 
81.208W) (Figure 37).  Godwit 84205 remained on the Altamaha River Delta for 76 days 
post-capture (3 December, 2008 – 17 February, 2009) before moving north 14 km to 
Sapelo Island, GA on 17 February (31.429N, 81.242W).  After two days at Sapelo, the 
godwit returned to the Altamaha Delta on 19 February (31.300N, 81.281W) where it 
remained for the next 76 days.   
 On 26 April, 2009 the bird initiated northward migration.  The bird departed from 
the Altamaha Delta at a bearing of 320
◦
 and was located several times in flight from 
19:24 – 20:41 EST over Evans (32.194N, 81.957W) and Washington (32.884N, 
82.719W) counties in GA, traveling at 76.2 km/hr (Table A6).  On 28 April, 2009 the 
bird was again in flight, this time she was over Whiteside County, Illinois 17 km south of 
the city of Sterling (41.635N, 89.657W) and 1082 km north of the last in-flight location 
in GA.  It is likely the bird stopped for > 24 hr somewhere between the last in flight 
location over GA and the first in flight location over northwestern IL.  The bird continued 
northwest through Clinton, Delaware, Buchanan, and Chickasaw counties in Iowa, and 
Freeborn and Waseca counties, Minnesota.  Godwit 84205 covered a distance of 406 km 
in 6.3 hours at a rate of 64.4 km/hr over this segment of the migration route (Table A6).  
The bird traveled another 742 km northwest to Ward County, North Dakota, 9 km 
northeast of the city of Plaza (48.078N, 101.880W) by 29 April, 2009 for a total 
northbound migration distance of 2430 km.  The godwit remained in this area of Ward  
County, ND, apparent breeding grounds, for the next 51 days (29 April – 19 June, 2009).   
 
 The godwit initiated southbound migration on 19 June, 2009.  By 02:00 CST, 20  
 
June the bird had flown 706 km from Plaza, ND and was in-flight over Martin County, 
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FIGURE 37.  Migration route and location points of Marbled Godwit 84205 captured at 
Little St. Simon’s Island, Georgia, USA, 2008. 
 
south-central Minnesota, 3 km southwest of the city of Ceylon (43.526N, 94.664W).  The 
migration route continued southeast (bearing 25
◦
) through Black Hawk County, Iowa, 4 
km northwest of the city of La Porte City (42.322N, 92.233W), Muscatine County, IA, 3  
km southwest of the city of Walcott (41.570N, 90.805W), and Macon County, Illinois, 11 
km northwest of the city of Decatur (39.872N, 89.080W) and Jackson County, Indiana, 
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10 km northwest of the city of Austin (38.775N, 85.920W).  Calculated speed from 
Minnesota to Illinois was 88.6 km/hr (Table A6).  
The godwit returned to the Altamaha River Delta (31.316N, 81.257W), coastal 
Georgia 21 June, 2009 after completing the final 879 km leg of southbound migration 
from the last in-flight location in Jackson County, IN.  No southbound migration 
stopovers were detected though not ruled out due to amount of elapsed time (44 hr) 
between last mid-flight location and first location upon return to the wintering area. The 
bird traveled a total 2451 km during southbound (fall) migration.  The Marbled Godwit 
was still using habitats within the Altamaha River Delta upon the last PTT transmission 
28 September, 2009.  
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CHAPTER 5 
DISCUSSION  
 
  
  In this study we identified migration routes and stopover locations as we 
increased our understanding of migration ecology in North American Marbled Godwits.   
Godwits in the midcontinent prairie breeding population used BRMBR as both a north 
and southbound migration stopover location and wintered in Mexico along both the 
Pacific coast and Gulf of California coast of mainland Mexico and southern California’s 
Salton Sea. Multiple stopover sites north and south of BRMBR were detected for godwits 
en route to breeding grounds and returning to wintering grounds during southbound 
migration.  Further investigation of these stopover sites is needed to determine whether 
they warrant recognition as “key” stopovers based on godwit use.  Godwits from 
BRMBR employ a “hopping” migration strategy; traveling short distances (< 700 km) 
between multiple stopover sites and refueling for short durations (1 – 5 days).  This 
contrasts with a “skipping” migration strategy, traveling an intermediate distance and a 
“jumping” strategy characterized by long-distance migrations with extended stays to 
refuel at stopovers (Piersma 1987 in Skagen and Knopf 1994).   
  Southbound godwits from the midcontinent prairie breeding population traveled 
overland routes through Utah, southeast NV, northwest AZ and southern CA.  An 
important migration corridor was identified along the Colorado River south of Lake 
Mead in southern NV to the Colorado River Delta area in Sonora, Mexico.  Key stopover 
sites south of BRMBR were along a 185 km stretch of the Colorado River between Fort 
Mohave, AZ and Palo Verde, CA.  Another key stopover was 165 km of coastline on the 
Gulf of California between the Colorado River Delta and Puerto Penasco, Sonora, 
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Mexico.  The most important wintering area for this population was the Ojo de 
Liebre/Guerrero Negro complex Baja California, Sur, Mexico.    
Midcontinent breeding Marbled Godwits tagged in Utah, used BRMBR/GSL as a 
stopover during both north and southbound migration.  No other discrete migration 
stopover site in North America in our study was used both prior to and post breeding.  
Though others have identified sites in California as both wintering and migration 
stopovers (Kelly and Cogswell 1979, Gratto-Trevor 2000, Shuford et al. 2002b, Melcher 
et al. 2006) and hosting godwits early in their northward and late in their southward 
migration segments, it is unknown if birds use these sites multiple times in the same year.  
BRMBR also had the longest residency period of any migration stopover site for all 
groups of southbound godwits.  This confirms that BRMBR and adjacent wetlands play a 
critical role in conservation of the largest breeding population of Marbled Godwits, the 
midcontinent prairie.   
Unlike our study where Marbled Godwits stopped for 4-5 days at BRMBR during 
northbound migration, Masero et al. (2010) found Black-tailed Godwits in Spain en route 
to breeding grounds had long length of stay at rice fields ranging from 8 to 35 days 
depending on time of capture (late January to late February).   
We found some godwits used northern Mexico sites as fall and spring staging 
areas before moving farther north and south.  Non-synchronized population counts of 
godwits from different sites in northern Mexico and California used to derive overall 
population estimates for this species could result in double counting as godwits move 
between sites within a single season.   
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Godwits from the southern James Bay/Akimiski Island, Canada breeding 
population migrated through and staged in the midcontinent USA before arriving at 
wintering sites along the coast of Sonora, Mexico.  Most godwits from Akimiski Island 
traveled through southwestern Minnesota and northeastern South Dakota before making 
their first en-route stop in SD, NE, and OK indicating a potentially important migration 
corridor for this population.  Further evidence of this migration corridor is provided by 
Gardner (2007) who in her review of South Dakota bird records found that the 
southeastern tier of South Dakota counties had some of the highest numbers of individual 
godwits reported as well as the highest number of records of godwits during fall 
migration (1970 – 2006).  Another migratory corridor for Akimiski Island godwits was 
identified from northeast to south central Colorado, skirting the mountains in northern 
New Mexico and along the Rio Grande River.  Transmissions from three godwits were 
lost during migration through this southwestern corridor.  We believe this may be 
attributed to the godwits shedding the transmitter due to migration-related changes in 
body mass and shape as one of the godwits appeared to be recorded at a high elevation 
over an area lacking suitable stopover habitat during the last transmission.   
Akimiski Island godwits traveled about 1900 km before making their first stop en-
route to wintering areas.  This intermediate distance covered during the first segment of 
southbound migration followed by an extended stay at midcontinent habitats is 
characteristic of the “skipping” migration strategy (Piersma 1987).      
Godwits that winter along the Atlantic Coast are also part of the midcontinent 
prairie breeding population, migrating to breeding territories in North and South Dakota.  
Godwits used a route to and from North Dakota through Indiana, Illinois, Iowa and 
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Minnesota while the godwit that went to South Dakota took a more southerly route 
through Missouri, Iowa, and Nebraska.  Southbound godwits returned to the Atlantic 
Coast, apparently non-stop over a distance of about 2200 km.  This sustained 
intermediate-flight “skipping” strategy is different than the short-flight “hopping” 
migratory strategy employed by godwits tagged at BRMBR but similar to that of the 
Akimiski Island breeding population.  This difference in strategy between apparent 
members of the same breeding subpopulation is noteworthy as the hopping strategy is 
thought to be energetically cheaper than the “skipping” flights due to costs of 
transporting the extra fuel (Piersma 1987).   These dissimilar migration strategies may 
have differential impacts on survivorship and reproduction between the two groups.  
Godwits tagged at BRMBR may use several stopovers en-route to wintering areas 
in Mexico and travel a significantly shorter distance before their first southbound stop.  
However, total migratory distances traveled were similar between these two sample 
groups.  Godwits wintering along the Atlantic Coast also use more wintering sites than do 
those tagged at BRMBR.   
Atlantic Coast godwits have the longest residency on wintering habitat compared 
to godwits wintering in Mexico and breeding in the mid-continent and Akimiski Island.  
This group of godwit may need to use multiple winter sites (locations > 10 km apart) as a 
single site may not supply adequate food resources due to prey depletion caused by 
foraging (Szekely and Bamberger 1992, Mercier and McNeil 1994) or increased 
competition with other waders (Goss-Custard 1980).  Multiple sites may also allow 
godwits to take advantage of food resource availability influenced by the season and tide 
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cycles. Because godwits on the Atlantic Coast are moving between wintering sites, care 
needs to be taken with population surveys to avoid double counting birds.     
Atlantic coast godwits almost exclusively, used habitats associated with river 
deltas or sounds along the Georgia and South Carolina coast.  The braided channels, 
barrier islands and sand spits that comprise the habitat in these areas likely afford godwits 
and other waders forage and roosting habitats throughout the tide cycle.  Marbled Godwit 
use of intraestuarine habitats as influenced by tide cycles and separation of forage and 
roosting sites is well documented (Luther 1968, Gerstenberg 1979, Kelly and Cogswell 
1979, Page et al. 1979, Gunnels 1999).  The preservation of these delta areas is therefore 
critical for conservation of this group of birds.  Threat assessments at these sites are 
needed to determine if action is needed on behalf of Marbled Godwit and other 
shorebirds.   
Godwits only used habitats north of their original capture location, never moving 
south of Little St. Simon’s, GA despite the fact that godwits have been documented  
along both the Atlantic and Gulf coasts of Florida during the winter period (Winn et al. 
2006).  This suggests that Marbled Godwits, like Black-tailed Godwits, Limosa limosa, 
(Alves et al. 2010), segregate on wintering grounds into distinct sub-populations based on 
breeding location.  In contrast, Haig et al. (2002) found no evidence of segregation by 
breeding site, sex, or age class among Willets wintering in western California.  A pair 
even wintered at the same site within several km of each other.  Willets used only one 
winter site (Haig et al. 2002).   
Godwits stopping at BRMBR during southbound migration undergo a full body 
molt (author, personal observation). Godwits present along the Atlantic Coast in the fall 
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have also been observed undergoing molt (personal communication, Brad Winn).  It is 
unknown where or when the godwits from Akimiski Island molt.  This group of godwit 
may molt during migration, which would correspond with the use of multiple stopover 
sites and increased staging period in the midcontinent.   
MIGRATION DISTANCES AND FLIGHT SPEEDS 
The Akimiski Island breeding population traveled the longest distance between 
breeding and wintering grounds and traveled the longest distance to the first southbound 
migration stopover compared to godwits from BRMBR.  It is possible Akimiski Island 
godwits formerly stopped at habitats in western and southern Minnesota, thereby 
shortening the distance to the first southbound stopover.  However, roughly 90% of pre-
settlement wetlands have been lost in these regions mainly to agricultural conversion 
(MPCA 2006).   
It is about 2150 km from Akimiski Island, Canada to coastal Georgia, USA.  
Instead of using wintering sites closer to their natal area, the Akimiski Island birds travel 
instead about 3800 km to winter in Mexico.  Reports of godwits spending the summer in 
Mexico suggest that some members of the population do not breed every year.  The group 
of godwits with the longest migration might be members of this summering population.    
The southern James Bay population may have become a remnant population due 
to range contraction as a result of habitat loss or degradation while still retaining its 
historical migration route.  The Red Knot, Calidrus canutus, also exhibits substantial 
variation in migration distances between extant breeding populations and varying degrees 
of nonbreeding habitat overlap (Piersma 2007).  Given that migratory program (direction, 
distance, and time tables) has been demonstrated to be under strong genetic influence 
128 
 
 
 
(Berthold 1996) remnant populations may continue to migrate long distances to historical 
wintering locations even when closer site are available. 
      While the longest non-stop flight by Marbled Godwit in our study was about 2400 
km over a two day period during southbound migration, and the fastest estimated ground 
speed 80.6 km/hr, Gill et al. (2009) found Bar-tailed Godwit, Limosa lapponica baueri, 
females flew non-stop 8117 – 11,680 km from 6.0 to 9.4 days directly across the Pacific 
Ocean while males flew non-stop 7008 – 7390 km 5.0 – 6.6 days.  Track speeds for the 
nine Bar-tailed Godwits on southward flights averaged 16.7 ms 
-1
.  Driscoll and Ueta 
(2002) tracked migration of Eastern Curlew with PTTs and found the birds traveled 3 -5 
days nonstop as they crossed the western Pacific Ocean between eastern Australia and 
China, a distance of approximately 6500 km.  Further, Driscoll and Ueta (2002) sited 
unpublished data that Eastern Curlew migration speed was 50 km/hr.  Watts et al. (2008) 
tracked a Whimbrel, Nuemnius phaeopus, 5000 km non-stop from an Atlantic Coast 
wintering site to the MacKenzie River delta, Northwest Territories, Canada over a six-
day period from 23 – 29 May.  Average flight speed was estimated at 35.3 km/hr.   
      Female godwits flew faster than male godwits during southbound migration.  To 
minimize the rate of fuel use and maximize the time airborne, birds tend to fly at their 
minimum power speeds (Rayner 1985 in Gill 2007).  However, long-distance migrants 
fly faster than their minimum power speeds to achieve the maximum flight range with a 
given amount of fuel as the added momentum achieves a farther distance for the same 
total power investment.  On average, female godwits are larger in mass and have a longer 
wing chord length than males.  Greater mass requires greater power to achieve lift (law of 
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flight dynamics) as such it may be more energetically efficient for females to fly at higher 
rates of speeds than males.   
POTENTIAL FOR GENE FLOW BETWEEN  
SUBPOPULATIONS 
  At the present time, no data exist on gene flow among populations of Marbled 
Godwits.   Marbled Godwits from mid-continent and James Bay populations were 
detected using the same winter and migration stopover sites.  Thus the potential for gene 
flow exists among these populations.  A Marbled Godwit breeding in Alberta, Canada 
and one breeding on Akimiski Island, Canada were located at the same winter site in 
Yvaraos Bay, Sonora.  Three Marbled Godwits that bred in Montana used a stopover site 
on the Colorado River delta that served as a wintering site for two godwits from Akimiski 
Island.  A godwit that bred in Montana was located at a spring staging site near Ensenada 
Pabellones, Sinaloa with a godwit from the Southern James Bay breeding population.  
However, the small and assumed, stable population size of the James Bay breeding 
population of Marbled Godwit suggests that inter-subpopulation pairing may not occur.  
Migratory connectivity is “weak” between these two populations as the majority of the 
midcontinent breeding godwits wintered at Baja California, Sur, Mexico.  In comparison,  
Alves et al. (2010) found two subspecies of Black-tailed Godwit (Limosa limosa, limosa, 
and L. l. islandica) overlapped use of habitat at differing stages of their annual cycle 
(winter and migration) in Portugal and Spain but exhibited segregation of feeding sites by 
subspecies.   
Pair bond formation is thought to occur on the breeding grounds Nowicki (1973) 
and godwit pairs are not thought to migrate or winter together (Gratto-Trevor 2000, 
2011), although data from this study suggests they may encounter each other away from 
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their breeding site.  While the pair bond duration throughout the annual cycle is 
unknown, 78 – 89% of pairs from previous years’ reunited upon return to a nesting 
location in Alberta (1995 – 1998) (Gratto-Trevor 2000).  Godwits did not appear to be 
paired upon arrival at BRMBR when they were observed in flocks of 4 – 3000 birds 
(personal observation) nor was breeding plumage apparent.  However, they did appear 
paired upon arrival at Akimiski Island (personal observation).  Two godwits captured 
together on Akimiski Island and believed to be paired, initiated southbound migration 
within two days of each other, used a similar migration route, used different wintering 
sites but overlapped use at Bahia de Tobaria, Sonora for a two week period in the spring 
just prior to northbound migration and initiated northbound migration within three days 
of each other.  This supports recent evidence by Gratto-Trevor (2011) and Ayala-Perez 
(2011) that suggest Marbled Godwit segregate by sex on the wintering grounds.  
However, the overlapping period of use at a spring stopover may indicate that initial re-
acquaintance of previously mated pairs may occur at spring staging sites while final pair 
bonding rituals/behaviors occur on the breeding grounds.    
IMPACTS OF PTTS AND RECOMMENDATIONS 
 Though the PTTs and associated harness system we used often represented more 
than the recommended 3% of the birds’ body mass, 88% of the PTTs represented < 4% of 
the bird’s mass.  It is possible that the PTTs negatively affected the godwits’ behavior 
and survival.  Of the four godwits that received the “heaviest” PTTs representing from 
4.4 – 5% of the body mass (all males), one failed to initiate northbound migration the 
year subsequent to capture, one never left the stopover site where it was captured before 
it either died or lost the transmitter, and two captured on wintering grounds failed to 
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initiate northbound migration. Two other godwits failed to initiate northbound migration 
from wintering locations with PTTs ranging from 3.7 – 3.8% of their body mass.  Gill et 
al. (2009) in their study of Bar-tailed Godwit had a PTT tagged (implantable) godwit fail 
to migrate north to breeding grounds.  Similarly, Driscoll and Ueta (2002) had Eastern 
Curlew equipped with a satellite transmitters prior to northbound migration fail to 
migrate or stop migration and return to capture site/winter site.  Transmitters in that study 
weighed from 2.4 – 4.0 % of body mass.  Similarly, PTTs implanted in Bar-tailed 
Godwits in New Zealand prior to northbound migration to Alaska ranged from 4.7 to 
5.7% of live body mass (Gill et al. 2009).  However, they reasoned body mass at the 
onset of migration was probably double that during PTT attachment.  It is also likely that 
the godwits captured in Georgia in our study during the winter increased body mass prior 
to northbound migration thereby decreasing the ratio of PTT weight to body mass. 
Godwits are known to be present at winter sites during the breeding season 
(Melcher et al. 2006).  As age at first breeding is unknown, godwits present in Mexico 
during the breeding season may be sub-adults.  A single godwit with worn basic plumage 
captured during the breeding season (8 June) on the Gulf coast of Florida had under- 
developed testes (Loftin 1962).  These nonbreeding godwits may be a combination of 
both sub-adults and adults in poor body condition unable to survive the rigors of 
migration and breeding due to a carry-over effect from the previous year.   
Sixty-eight percent of transmissions ended while godwits were at wintering, 
breeding, or stopover locations as opposed to during migration, a period of high energetic 
output.  We believe this is indicative of harness failure either due to excessive slack or 
breaking of the elastic material causing the PTT to fall off the bird and not PTT 
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equipment failure or bird death.  Several of the PTTs continued to function long after 
sensors indicated the PTT was stationary.  Similarly, Gill et al. (2009) experienced loss of 
transmission from nine male Bar-tailed Godwits equipped with external PTTs prior to 
migration.  Some birds were resighted alive at a later date without their transmitters. They 
attributed loss of transmitter to migration-related changes in body mass and shape.  
Tracking duration and PTT retention may be influenced by migration distance as the 
Akimiski Island, Canada birds migrated the longest distance and had the shortest mean 
tracking days.  At this point, the effects of a PTT representing approximately 3% or more 
of a shorebirds mass on migration, survival and reproduction are uncertain. 
As PTT retention is likely to be less than one annual cycle, and PTT data quality 
and quantity diminish over time, the best time to apply the PTT is about one month prior 
to the period of the annual cycle under investigation.  This would make use of the period 
of peak PTT performance and retention and allow the bird time to recover from any 
negative capture effects and adapt to the additional weight of the transmitter.   
The 8:24 on/off PTT duty cycle appeared to collect data as efficiently as did the 
10:48 standard (Microwave Telemetry), duty cycle.  Though only 15% of the PTTs that 
provided data had the 8:24 duty cycle, these PTTs provided 25% of all the mid-flight data 
locations used to calculate flight speed.  Thus we recommend the 8:24 duty cycle to 
maximize mid-flight data points to more accurately portray migration routes as well as 
for detecting short duration stopovers on migration. 
 
USE OF CONSERVATION AREAS 
 
  The Marbled Godwits in this study mainly used habitats throughout their annual 
cycle that were either permanently set aside for wildlife conservation and managed by a 
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government entity or identified as important shorebird habitat by the Western 
Hemisphere Shorebird Reserve Network.  However, preservation of quality habitat for 
Marbled Godwit conservation at these sites is not always guaranteed.   
Participation in WHSRN is voluntary and the habitat areas are often partly or 
wholly developed (eg. aquaculture, mineral extraction) (personal observation).  In 
addition, WHSRN as well as agency managed wildlife conservation areas also face 
challenges to water supplies (Oring et al. 2000, Brown et al. 2001), development directly 
on or to adjacent lands (Melcher et al. 2006) or are vulnerable to oil, gas and wind 
development due to protection of only surface rights (author personal observation).  
Development of these resources would likely lead to diminished capacity for sustenance 
of wildlife populations within the protected area.  Therefore, vigilance is needed by 
managers and conservation partners at these sites to safeguard essential habitats. 
Through our study, we identified important habitats and migratory corridors for 
portions of the mid-continent prairie and Southern James Bay breeding populations of 
Marbled Godwit upon which to focus our conservation efforts.   Our data also provide 
information from which to prioritize conservation action according to magnitude of 
importance of sites to a particular sub-population.  Conservation actions at these sites 
should include a combination of site protection, vulnerability/threat assessments, habitat 
evaluations, active management, wetland restoration and finally vigilance against on-
going and future threats.   
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TABLE A1.  Morphometric measurements collected from Marbled Godwit at four 
locations in North America, 2006-2008. 
 
 
        
PTT ID 
 
Capture 
Locale 
 
Capture Date 
Mass    
(g) 
Wing 
(mm) 
Culmen 
(mm) 
Tarsus 
(mm) 
 
Sex 
        
61984A Utah 13-Apr-06 402.0 248 113.2 80.3 F 
61985 Utah 19-Apr-06 402.4 220 106.0 71.3 M 
61986 Utah 04-Aug-06 326.7 238 91.4 78.7 M 
61987 Utah 06-Aug-06 326.1 221 94.0 78.4 M 
61989 Utah 11-Apr-07 340.0 229 95.5 81.1 M 
70539 Utah 12-Apr-07 396.0 247 119.4 81.7 F 
61984B Utah 13-Apr-07 429.0 245 122.1 85.1 F 
70536 Utah 14-Apr-07 414.0 245 119.4 88.0 F 
70538 Utah 14-Apr-07 422.0 255 115.5 94.1 F 
80796 Utah 12-Apr-08 274.0 228 91.0 77.5 M 
75690 Utah 14-Apr-08 322.0 242 96.1 77.1 M 
84207 Utah 30-Sep-08 292.0 234 92.2 79.0 M 
84208 Utah 30-Sep-08 354.0 234 105.4 78.0 M 
70537 Mexico 28-Jan-07 280.0 224 98.9 70.8 M 
61988 Mexico 31-Jan-07 338.0 229 96.2 72.8 M 
75687 Canada 01-Jun-07 320.0 234 97.0 65.9 M 
70540 Canada 06-Jun-07 326.0 - 94.6 76.1 M 
75688 Canada 25-May-08 - 234 110.0 80.0 F 
70541 Canada 26-May-08 - 254 113.9 84.0 F 
75689 Canada 26-May-08 - 240 99.0 73.0 M 
80795 Canada 27-May-08 420.0 243 105.0 78.0 F 
80794 Canada 27-May-08 350.0 232 93.0 74.0 M 
80797 Georgia 20-Nov-08 304.0 230 93.9 66.0 M 
84201 Georgia 20-Nov-08 375.0 249 116.5 77.1 F 
84202 Georgia 20-Nov-08 367.0 245 121.6 80.7 F 
84203 Georgia 20-Nov-08 319.0 234 96.6 72.8 M 
84204 Georgia 03-Dec-08 376.0 239 113.5 72.3 F 
84205 Georgia 03-Dec-08 386.0 245 124.9 77.5 F 
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TABLE A2.  Mean morphometric measurements collected from Marbled Godwit at four locations in North America, 2006 – 2008; 
data given as mean + SD (range, n).  
 
 
 
BRMBR Akimiski Island Mexico Georgia 
Mass 
    
Male
1
 334.6 + 53.1 (274-402, 4) 332 + 15.88 (320-350, 3) 309 + 41.01 (280-338, 2) 311.5 + 10.61 (304-319, 2) 
Male
2
 324.7 + 25.4 (292-354, 4) 
   Female 412.6 + 13.7 (396-429, 5) 420  (1) 
 
376 + 7.79 (367-386, 4) 
     Wing Length 
    Male 230.75 + 7.76 (220-242, 8) 235.33 + 4.16 (232-240, 3) 226.5 + 3.54 (224-229, 2) 232 + 2.83 (230-234, 2) 
Female 248.0 + 4.1 (245-255, 5) 243.67 + 10.02 (234-254, 3) 
 
244.5 + 4.12 (239-249, 4) 
     Bill length 
    Male 96.45 + 6.00 (91-106, 8) 95.9 + 2.64 (93-99, 4) 97.55 + 1.91 (96.2-98.9, 2) 95.25 + 1.89 (93.91-96.58, 2) 
Female 117.9 + 3.5 (113.2-122.1, 5) 109.63 + 4.46 (105-113.9, 3) 
 
119.10 + 5.11 (113.45-124.87, 4) 
     Tarsus Length 
    Male 77.64 + 2.83 (71.3-81.1, 8) 72.25 + 4.43 (65.9-76.1, 4) 71.8 + 1.41 (70.8-72.8, 2) 69.42 + 4.83 (66-72.83, 2) 
Female 85.8 + 5.5 (80.3 - 94.1, 5) 80.67 + 3.06 (78-84, 3) 
 
76.89 + 3.44 (72.32-80.65, 4) 
     Male1 Mass of males caught at BRMBR during the spring 
  Male2 Mass of males caught at BRMBR during the fall 
  Wing =flattened chord; bill=exposed culmen 
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TABLE A3.  Location Classes acquired from 28 PTTs on Marbled Godwit from four 
locations in North America, 2006-2010.   
 
 
 
    
    Location Class   
PPT ID Locale 3 % 2 % 1 % 0 % A % B % Z % Total 
                 
61984A Utah 76 26.4 49 17.0  59 20.5  34 11.8  33 11.5  33 11.5  4 1.4  288 
61985 Utah 50 10.1  80 16.2  113 22.9  121 24.5  54 10.9  71 14.4  5 1.0  494 
61986 Utah 8 4.0  17 8.6  80 40.4  62 31.3  14 7.1  15 7.6  2 1.0  198 
61987 Utah 12 4.0  40 13.3  81 26.9  109 36.2  27 9.0  30 10.0  2 0.7  301 
61989 Utah 119 15.4  178 23.1  204 26.5  222 28.8  25 3.2  23 3.0  NR   771 
70536 Utah 40 11.2  75 21.1  108 30.3  103 28.9  16 4.5  14 3.9  NR   356 
75690 Utah 31 8.9  52 14.9  83 23.8  137 39.3  17 4.9  29 8.3  0 0.0  349 
70539 Utah 11 7.0  18 11.5  43 27.4  73 46.5  9 5.7  3 1.9  NR   157 
61984B Utah 108 25.8  98 23.4  87 20.8  73 17.4  34 8.1  19 4.5  NR   419 
70538 Utah 76 10.7  147 20.7  243 34.3  208 29.3  21 3.0  14 2.0  NR   709 
80796 Utah 159 16.4  215 22.1  255 26.3  226 23.3  54 5.6  54 5.6  8 0.8  971 
84207 Utah 7 4.0  24 13.6  60 33.9  58 32.8  10 5.6  18 10.2  0 0.0  177 
84208 Utah 256 17.7  353 24.4  332 23.0  241 16.7  134 9.3  127 8.8  3 0.2  1446 
Total Utah 953 14.4  1346 20.3  1748 26.3  1667 25.1  448 6.8  450 6.8  24 0.4  6636 
61988 Mexico 7 4.3  28 17.4  72 44.7  27 16.8  12 7.5  14 8.7  1 0.6  161 
70537 Mexico 55 8.4  147 22.3  251 38.1  158 24.0  21 3.2  26 4.0  NR   658 
Total Mexico 62 7.6  175 21.4  323 39.4  185 22.6  33 4.0  40 4.9  1 0.1  819 
75687 Canada 33 11.5  35 12.2  88 30.6  104 36.1  13 4.5  15 5.2  NR   288 
70540 Canada 2 25.0  3 37.5  3 37.5  0 0.0  0 0.0  0 0.0  0 0.0  8 
75688 Canada 29 4.6  90 14.4  189 30.2  248 39.7  29 4.6  36 5.8  4 0.6  625 
70541 Canada 43 9.9  81 18.6  148 34.0  124 28.5  17 3.9  18 4.1  4 0.9  435 
75689 Canada 31 3.5  106 11.9  221 24.8  401 45.1  65 7.3  57 6.4  9 1.0  890 
80794 Canada 42 4.3  115 11.7  276 28.1  391 39.8  75 7.6  78 7.9  6 0.6  983 
80795 Canada 41 7.2  96 16.8  175 30.6  181 31.6  30 5.2  43 7.5  6 1.0  572 
Total Canada 221 5.8  526 13.8  1100 28.9  1449 38.1  229 6.0  247 6.5  29 0.8  3801 
80797 Georgia 35 6.5  79 14.7  178 33.1  140 26.1  54 10.1  49 9.1  2 0.4  537 
84201 Georgia 0 0.0  2 0.5  17 4.1  321 78.1  31 7.5  30 7.3  10 2.4  411 
84202 Georgia 35 7.5  96 20.6  166 35.5  94 20.1  36 7.7  39 8.4  1 0.2  467 
84203 Georgia 95 9.5  168 16.9  248 24.9  268 26.9  107 10.7  107 10.7  4 0.4  997 
84204 Georgia 90 8.2  229 21.0  310 28.4  270 24.7  92 8.4  96 8.8  6 0.5  1093 
84205 Georgia 44 6.1  142 19.8  218 30.4  190 26.5  58 8.1  60 8.4  4 0.6  716 
Total Georgia 299 7.1  716 17.0  1137 26.9  1283 30.4  378 9.0  381 9.0  27 0.6  4221 
Total All 1535 9.9  2763 17.9  4308 27.8  4584 29.6  1088 7.0  1118 7.2  81 0.5  15477 
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TABLE A4.  Capture, tracking, transmitter and transmitter performance data from 28 
Marbled Godwit from four locations in North America, 2006 – 2010.  
  
                                  
           
PTT ID Capture 
Locale 
Year Sex Deploy Date Last 
Transmission 
Transmission 
duration (days) 
Duty 
Cycle 
On:Off 
(h) 
No. of 
Locations 
Location 
Index a 
Day 
Index b 
           
61984A Utah 2006 F 13-Apr-06 19-Jun-06 67 6:24 284 0.86 0.94 
61985 Utah 2006 M 19-Apr-06 26-Aug-06 129 8:36 494 0.87 0.99 
61986 Utah 2006 M 4-Aug-06 9-Jun-07 309 6:24 198 0.13 0.41 
61987 Utah 2006 M 6-Aug-06 16-Sep-07 406 6:24 301 0.15 0.40 
70537 Mexico 2007 M 28-Jan-07 17-Feb-08 385 10:48 658* 0.41 0.98 
61988 Mexico 2007 M 31-Jan-07 27-May-07 117 6:24 161 0.29 0.80 
61989 Utah 2007 M 11-Apr-07 16-Apr-08 369 10:48 771* 0.50 0.95 
70539 Utah 2007 F 12-Apr-07 29-Jun-07 78 10:48 157* 0.49 0.84 
61984B Utah 2007 F 13-Apr-07 2-Oct-07 173 6:24 419* 0.51 0.93 
70536 Utah 2007 F 14-Apr-07 15-Nov-07 215 10:48 356* 0.40 0.91 
70538 Utah 2007 F 14-Apr-07 19-Feb-08 311 10:48 709* 0.55 0.97 
75687 Canada 2007 M 1-Jun-07 29-Aug-07 89 10:48 288* 0.78 0.98 
70540 Canada 2007 M 6-Jun-07 11-Jun-07 5 10:48 8 - - 
80796 Utah 2008 M 12-Apr-08 16-Sep-09 522 8:36 971 0.42 0.88 
75690 Utah 2008 M 14-Apr-08 23-Jul-08 100 10:48 349 0.84 0.94 
75688 Canada 2008 F 25-May-08 10-Mar-09 289 10:48 625 0.52 0.80 
70541 Canada 2008 F 26-May-08 26-Sep-08 123 10:48 435 0.85 0.98 
75689 Canada 2008 F 26-May-08 16-May-09 355 10:48 890 0.60 0.90 
80794 Canada 2008 M 27-May-08 21-May-09 359 10:48 983 0.66 1.00 
80795 Canada 2008 F 27-May-08 15-Jun-09 386 10:48 572 0.35 0.65 
84207 Utah 2008 M 30-Sep-08 17-Nov-08 49 10:48 177 0.87 0.99 
84208 Utah 2008 M 30-Sep-08 6-Feb-10 495 10:48 1446 0.56 0.97 
80797 Georgia 2008 M 20-Nov-08 7-Jun-09 199 10:48 537 0.65 0.98 
84201 Georgia 2008 F 20-Nov-08 19-Apr-09 150 10:48 411 0.65 0.95 
84202 Georgia 2008 F 20-Nov-08 8-May-09 169 10:48 467 0.67 1.00 
84203 Georgia 2008 M 20-Nov-08 17-Dec-09 392 10:48 997 0.61 0.93 
84204 Georgia 2008 F 3-Dec-08 13-Dec-09 375 8:36 1093 0.66 0.98 
84205 Georgia 2008 F 3-Dec-08 28-Sep-09 281 8:36 716 0.58 0.79 
* = “Z” Location Class not downloaded from ArgosWeb 
NR
 = Not recorded 
a
 = Location Index; the probability of obtaining a location during each hour of 
transmission 
b 
= Day Index; the probability of obtaining a location each PTT “on” period 
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TABLE A5.  Total migration and movement distances by category, of individually 
tagged Marbled Godwits determined via satellite telemetry, 2006 – 2010. 
 
________________________________________________________________________ 
  Capture Northbound Southbound Local Post Local  Total 
PTT ID Sex Locale Migration Migration Winter Breed    Fall Stage Breed Distance 
______________________________________________________________________________________ 
 
61984A F Utah 1049P       
61984B F Utah 1138P  2173   789    
70538 F Utah 765P  2263      
70536 F Utah 1110P  3493   228    
70539 F Utah 994P  967P   162    
70541 F Canada   5697P   1264   
75688 F Canada   3760   195   
80795 F Canada 3623  3580  51    7203 
84201 F Georgia 1146P       
84202 F Georgia     626     
84204 F Georgia 2040  2086  300 80   4506 
84204 F Georgia     315     
84205 F Georgia 2768  2451  169    5388 
75689 M Canada 2933P  4044   101 256   
61985 M Utah 1030P  2226      
61986 M Utah 2477  1563P      
61987 M Utah 2952  2969  65    5986 
61989 M Utah 1467P  2208      
75690 M Utah 980P  1208P      
80796 M Utah 959P  2402   56    
84208 M Utah   915P      
80794 M Canada 802P  4064  56  282   
75687 M Canada   2548P   80    
70537 M Mexico     790     
61988 M Mexico 2943    392     
80797 M Georgia     236     
84203 M Georgia 1888  2075  393 211  228 4795 
84203 M Georgia     646     
_______________________________________________________________________ 
P = Partial distance data not included in analysis 
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TABLE A6. Groundspeed of Marbled Godwit, including start and end times, distance 
flown, flight direction and activity, and time in flight, along flight paths determined via 
satellite telemetry, 2006-2010.  
 
 
         
Year Start 
Date 
PTT ID Location of flight segment (n) Start-End       
Times 
Distance 
flown 
(km) 
Time 
in 
flight 
(hr) 
Ground 
speed 
(km/hr) 
Flight 
Direction-
Activity 
         
2006 26-Jul 61985 SE ID to NE UT (4) 1701-2102a 108.3 4.0 27.1 SB-M 
2007 25-Jul 61984B Butte, MT to Lima, MT (4) 0417-0606a 121.5 1.8 67.5 SB-M 
2007 21-May 61988 Western, MN (2) 1050-1151b 48 1.0 48.0 NB-M 
2007 10-Sep 61989 central UT to N AZ (3) 2308-0324a 270 4.3 62.8 SB-M 
2007 28-Jun 70536 SW CO to E, UT (5) 2317-0602a 415 6.3 66.4 SB-M 
2007 22-Apr 70539 NC WY to SE, MT (6) 0243-0917a 397 6.6 60.2 NB-M 
2007 22-Jun 70539 W ND to NW, ND (4) 1822-2158b 125 3.6 34.7 L-PB 
2007 17-Aug 75687 Akimiski Island to Lk. Superior (10) 1820-0244c 588 8.4 70.0 SB-M 
2008 16-Aug 70541 McCook, NE to Imperial, NE (5) 0300-0704a 81 4.1 19.8 L-FS 
2008 8-Sep 70541 Dickey Co.to McPherson Co., SD (5) 1218-1633b 137 4.3 32.2 L-FS 
2008 19-Sep 70541 W SD to W NE (8) 2116-0605a 471 7.8 60.4 SB-M 
2008 12-Jul 75690 S MT to central Wy (6) 0214-0655a 341 4.7 72.6 SB-M 
2008 22-Jul 75690 SW UT to E NV (3) 2256-0211a 235 3.3 72.3 SB-M 
2008 2-Aug 75688 Groton, SD to central ND (4) 2123-2354b 150 2.5 60.0 L-FS 
2008 23-Aug 75688 NE CO to NC, NM (5) 0856-1811a 595 9.3 64.3 SB-M 
2008 10-Aug 75689 W KS to NW, OK (6) 1804-2312b 326 5.2 62.7 SB-M 
2009 14-May 75689 E NE to E SD (6) 0951-1456b 264 5.1 51.8 NB-M 
2008 29-Jul 80794 north shore Lk. Superior (11) 0447-1407c 358 9.3 38.5 SB-M 
2008 5-Aug 80794 Logan Co. to Emmons Co., ND (2) 1124-1225b 31 1.0 31.0 L-FS 
2008 14-Aug 80794 ND to SD (8) 1228-1816b 273 5.8 47.0 SB-M 
2008 19-Aug 80794 Albuquerque to Luis Lopez, NM (4) 0231-0629a 169 4.0 42.3 SB-M 
2008 1-Sep 80794 Chihuahua to Sonora, Mexico (5) 2200-0456a 352 6.9 51.0 SB-M 
2008 31-Jul 80795 SE SD to NE to CO (7) 1739-0135b 637 7.9 80.6 SB-M 
2008 15-Jul 80796 SE ID to BRMBR, UT (4) 2044-2357a 129 3.2 40.3 SB-M 
2008 23-Sep 80796 Nelson, NV to Needles, CA (4) 1136-1420a 86 2.7 31.9 SB-M 
2008 25-Sep 80796 Pacific Coast to Guerrero Negro, MX (3) 0914-1054a 57 1.7 33.5 SB-M 
2009 30-Apr 84202 Ossabaw to St. Helena Sound, SC (2) 2044-2118c 33 0.6 55.0 L-W 
2009 29-Apr 84203 Stronghurst, IL to New Ulm, MN (5) 0347-0949b 482 6.0 80.0 NB-M 
2009 6-Jun 84204 Arlington, NE to Shelbina, MO (2) 2152-0218b 417 5.4 77.2 SB-M 
2009 26-Apr 84205 Evans to Washington Co., GA (2) 1924-2041c 99 1.3 76.2 NB-M 
2009 28-Apr 84205 Sterling, IL to Waseca Co., MN (7) 0808-1427b 406 6.3 64.4 NB-M 
2009 20-Jun 84205 Ceylon, MN to Decatur, IL (5) 0200-0837b 585 6.6 88.6 SB-M 
 
n = Total number of separate location points recorded during flight 
a
 = Mountain Standard Time 
b
 = Central Standard Time 
c
 = Eastern Standard Time 
NB-M = Northbound Migration, SB-M = Southbound Migration, L =Local, PB = Post-breeding 
movement, FS = Fall Stage, W = Wintering 
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TABLE A7.  Movement summary by individual Marbled Godwits determined via 
satellite telemetry, 2006 – 2010. 
 
______________________________________________________________________ 
                             Distance   Direction/          End 
Segment Locale                   (km) Activity      Date  Coordinates 
______________________________________________________________________________ 
61984A 
BRMBR, UT - Ogden Bay, UT   23 L-SP 17-Apr-06  41.164N, 112.210W 
Ogden Bay, UT – south Great Salt Lake, UT  31 L-SP 19-Apr-06  40.835N, 112.041W 
    Total 54 L-SP  
Great Salt Lake, UT - Old Wives Lake, SK  890 NB 30-Apr-06  50.114N, 106.170W 
Old Wives Lake - Last Moutain Lake, SK  159 NB 02-May-06 51.407N, 105.121W 
    Total 1049 NB   
61985  
BRMBR, UT -Martinsdale, MT   544 NB 26-Apr-06  46.492N, 110.220W 
Martinsdale, MT - Brooks, Alberta  486 NB 27-Apr-06  51.041N, 111.411W 
    Total 1030 NB   
Alberta, Canada - Valier, MT   282 SB 23-Jul-06  48.412N, 112.454W 
Valier, MT - Great Salt Lake, UT  742 SB 26-Jul-06  41.366N, 112.213W 
GSL, UT - Blythe, CA   837 SB 13-Aug-06  33.689N, 114.677W 
Blythe, CA - Gonzaga Bay, Mexico  365 SB 17-Aug-06  29.794N, 114.402W 
    Total 2226 SB  
61986 
BRMBR, UT - Yavaros Bay, Sonora, Mexico 1563 SB 01-Nov-06  26.719N, 109.567W 
Yavaros Bay, Mexico - Pinon, NV  997 NB 20-Apr-07  36.092N, 110.233W 
Pinon, NV - BRMBR, UT   581 NB 22-Apr-07  41.450N, 112.194W 
BRMBR, UT - Vauxhall, Alberta   899 NB 28-Apr-07  50.032N, 111.963W 
    Total  2477 NB   
61987  
BRMBR, UT - Puerto Penasco, Mexico  1080 SB 26-Oct-06  31.054N, 113.068W 
Puerto Penasco - Playa Cueta, Sinaloa, MX  940 SB 29-Oct-06  23.984N, 107.036W 
Playa Cueta - Laguna Grande, Sinaloa, MX  169 SB 01-Nov-06  22.848N, 106.047W 
    Total 2189 SB     
Laguna Grande - Marisma Nacionales, Nayarit, MX 65 LW 18-Mar-07  22.348N, 105.600W 
Marismas Nacionales - Playa Cueta, Sinaloa, MX 277 NB 22-Apr-07  24.270N, 107.449W 
Playa Cueta - Bay of Santa Maria, Sinaloa, MX 92 NB 26-Apr-07  24.991N, 107.944W 
Bay of Santa Maria, MX - Glenwood, UT  1502 NB 29-Apr-07  38.776N, 111.985W 
Glenwood, UT - Great Salt Lake, UT  227 NB 03-May-07 40.892N, 112.099W 
Great Salt Lake, UT - Hill County, MT  854 NB 08-May-07 48.876N, 109.756W 
    Total  2952 NB   
Blaine County, MT - BRMBR, UT  780 SB 14-Jul-07  41.443N, 112.218W 
61984B  
BRMBR, UT - Youngstown, Alberta, Canada 1138 NB 28-Apr-07  51.498N, 111.213W 
Youngstown, AB - north of Youngstown, AB 29 PB 23-Jun-07  51.809N, 111.189W 
North of Youngstown - south of Youngstown 27 PB 01-Jul-07  51.423N, 111.118W 
South of Youngstown - Medicine Hat, AB  117 PB 04-Jul-07  50.402N, 110.856W 
Medicine Hat, AL - USA/Canada border  153 PB 07-Jul-07  40.016N, 111.051W 
USA/Canada border - Bow Island, AB  90 PB 08-Jul-07  49.816N, 111.209W 
Bow Island - Suffield Air Base, AB  83 PB 09-Jul-07  50.524N, 110.803W 
Suffield Air Base - Jenner, AB   23 PB 12-Jul-07  50.702N, 111.154W 
Jenner, AB - south of Youngstown, AB  73 PB 13-Jul-07  51.364N, 111.226W 
South Youngstown - Hemaruka, AB  42 PB 14-Jul-07  51.703N, 111.133W 
Hemaruka, AB - Little Gem, AB   8 PB 15-Jul-07  51.753N, 110.993W 
Little Gem - Hemaruka, AB   8 PB 16-Jul-07  51.703N, 111.133W 
Hemaruka - Youngstown, AB   28 PB 17-Jul-07  51.496N, 111.385W 
Youngstown, AB - Tilley, AB   108 PB 21-Jul-07  50.464N, 111.565W 
    Total  789 PB   
Tilley, AB - Butte, MT, USA   509 SB 24-Jul-07  45.905N, 112.217W 
Butte, MT - American Falls Reservoir, ID  223 SB 25-Jul-07  42.954N, 112.705W 
American Falls Reservoir, ID - BRMBR, UT 181 SB 27-Jul-07  41.417N, 112.089W 
BRMBR, UT - Salton Sea, CA   947 SB 18-Sep-07  33.311N, 115.632W 
Salton Sea, CA - San Quintin, Baja Norte, MX 313 SB 19-Sep-07  30.408N, 115.952W 
    Total  2173 SB 
San Blas, Nayarit, MX - Pericos, Nayarit, MX 60 LW 25-Feb-07  22.074N, 105.377W 
Pericos - Ensenada Pabellones, Sinaloa, MX  332 LW 26-Apr-07  24.436N, 107.504W 
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A7. (cont.).  Movement summary by individual Marbled Godwits determined via satellite 
telemetry, 2006 – 2010. 
 
_______________________________________________________________________________________________  
                             Distance   Direction/          End 
Segment Locale                   (km) Activity      Date  Coordinates 
______________________________________________________________________________ 
61984B (cont.)  
    Total  392 LW   
Ensenada Pabellones - Morris, MN, USA  2410 NB 19-May-07 45.542N, 95.768W 
Morris, MN - Alexandria, MN   48 NB 21-May-07 45.983N, 95.583W 
Alexandria, MN - Poplar Bay, Manitoba, Canada 485 NB 24-May-07 50.596N, 95.608W 
Total  2943 NB 
70537  
San Blas, Nayarit, MX - Cuautla, Nayarit, MX 80 LW 18-Apr-07  22.228N, 105.541W 
Cuautla - San Blas, Nayarit, MX   80 LW 20-Apr-07  21.598N, 105.405W 
San Blas - Cuautla, Nayarit, MX   80 LW 24-Apr-07  22.203N, 105.508W 
Cuautla - Teacapan, Sinaloa, MX   40 LW 26-Apr-07  22.546N, 105.653W 
Teacapan - Laguna Grande, Escuinapa, Sinaloa, MX 41 LW 27-Apr-07  22.812N, 105.902W 
Laguna Grande - Pericos, Nayarit, MX  100 LW 07-Jul-07  22.073N, 105.385W 
Pericos - San Blas, Nayarit, MX   59 LW 09-Jul-07  21.549N, 105.304W 
San Blas - Pericos, Nayarit, MX   52 LW 08-Nov-07  22.064N, 105.355W 
Pericos -Escuinapa, Sinaloa, MX   102 LW 10-Dec-07  22.826N, 105.956W 
Escuinapa - Novillero, Nayarit, MX  63 LW 15-Dec-07  22.371N, 105.643W 
Novillero - San Blas, Nayarit, MX  93 LW 1-Feb-08  21.540N, 105.261W 
    Total 790 LW   
61989  
BRMBR, UT - Lewistown, MT   692 NB 25-Apr-07  47.192N, 108.986W 
Lewistown - BRMBR, UT   697 SB 10-Jul-07  41.414N, 112.121W 
BRMBR, UT - Estero Morua, Sonora, MX  1135 SB 10-Sep-07  31.291N, 113.441W 
Estero Morua - Guerrero Negro, Baja, Mexico 376 SB 01-Oct-07  27.943N, 114.098W 
    Total 2208 SB   
Guerrero Negro - Primo Tapia, Baja, MX  543 NB 12-Apr-08  32.201N, 116.925W 
Primo Tapia - El Seguno, CA, USA  232 NB 14-Apr-08  33.907N, 118.393W 
    Total 775 NB   
70536  
BRMBR, UT - Hettinger County, ND  944 NB 20-Apr-07 46.303N, 102.561W 
Hettinger County - Lost Lake NWR, ND 166 NB 23-Apr-07 47.280N, 100.924W 
Total 1110 NB 
Lost Lake NWR - McHenry County, ND  74 PB 12-Jun-07  47.919N, 100.705W 
McHenry County - Lost Lake NWR, ND  74 PB 13-Jun-07  47.257N, 100.886W 
Lost Lake NWR - Burleigh County, ND  35 PB 15-Jun-07  47.261N, 100.442W 
Burleigh County, ND - Arena, ND  23 PB 18-Jun-07  47.140N, 100.142W 
Arena, ND - Burleigh County, ND  22 PB 22-Jun-07  47.272N, 100.423W 
    Total 228 PB   
Burleigh County - Durango, CO   1293 SB 27-Jun-07  37.144N, 107.888W 
Durango - BRMBR, UT   636 SB 29-Jun-07  41.413N, 112.128W 
BRMBR, UT - Fish Springs NWR, Tooele, UT 205 SB 18-Jul-07  39.871N, 113.399W 
Fish Springs NWR - Palo Verde, CA  725 SB 20-Jul-07  33.459N, 114.713W 
Palo Verde - Ojo de Liebre, Baja, Mexico  634 SB 25-Jul-07  27.752N, 114.179W 
    Total 3493 SB   
70538  
BRMBR, UT - Malta, MT   765 NB 26-Apr-07  48.248N, 108.424W 
Malta - BRMBR, UT    765 SB 04-Jul-07  41.410N, 112.117W 
BRMBR - Havasu NWR, Topock, AZ  725 SB 08-Aug-07  34.706N, 114.501W 
Havasu NWR  - Colorado River Delta, Sonora, MX 286 SB 10-Aug-07  32.018N, 114.852W 
Colorado River Delta - Ojo de Liebre, Baja, MX 487 SB 15-Aug-07  27.645N, 114.044W 
    Total 2263 SB   
70539  
BRMBR, UT - Watford City, ND  994 NB 22-Apr-07  47.838N, 103.146W 
Watford City - Westby, MT   119 PB 22-Jun-07  48.880N, 104.053W 
Westby, MT - Tribune, Saskatchewan, Canada 43 PB 23-Jun-07  49.204N, 103.716W 
    Total 162 PB  
Tribune - Lander, WY   967 SB 25-Jun-07  42.848N, 108.931W 
75687  
N. Akimiski Island - West Akimiski Island  54 PB 17-Jul-07  53.099N, 81.940W 
West Akimiski Island - SW Akimiski Island  26 PB 18-Jul-07  52.908N, 81.690W 
    Total 80 PB   
149 
 
 
 
A7. (cont.).  Movement summary by individual Marbled Godwits determined via satellite 
telemetry, 2006 – 2010. 
 
_______________________________________________________________________________________________  
                             Distance   Direction/          End 
Segment Locale                   (km) Activity      Date  Coordinates 
______________________________________________________________________________ 
75687 (cont.) 
SW Akimiski Island - Keeweenaw Peninsula, MI 740 SB 17-Aug-07  47.502N, 87.521W 
Keeweenaw Peninsula - Hutchinson County, SD 866 SB 19-Aug-07  43.268N, 97.611W 
Hutchinson County - Taos, NM   942 SB  28-Aug-07  36.742N, 105.776W 
    Total 2548 SB   
70541 
Akimiski Island - McCook, NE   2072 SB 16-Aug-08  40.142N, 100.780W 
McCook - Imperial, NE   81 L-FS 16-Aug-08  40.507N, 101.608W 
Imperial - Lake McConaughy, NE  88 L-FS 16-Aug-08  41.274N, 101.877W 
Lake McConaughy - Jamestown, ND  688 L-FS 20-Aug-08  47.108N, 98.781W 
Jamestown, ND - Lamoure, ND   100 L-FS 22-Aug-08  46.331N, 98.114W 
Lamoure - Oakes, ND    28 L-FS 24-Aug-08  46.089N, 98.015W 
Oakes - Columbia, SD   65 L-FS 02-Sep-08 45.621N, 98.295W 
Columbia, SD - Dickey County, ND  47 L-FS 05-Sep-08  46.043N, 98.371W 
Dickey County - Eureka, SD   167 L-FS 08-Sep-08  45.783N, 99.399W 
    Total 1264 L-FS 
Eureka - Trinchera, CO   1097 SB 22-Sep-08  37.030N, 104.280W 
Total 5697 SB/L-FS    
75690  
BRMBR, UT - Valley County, MT  912 NB 27-Apr-08  48.804N, 106.996W 
Valley County - Nelson Reservoir, MT  46 NB 24-May-08 48.478N, 107.433W 
Nelson Reservoir - Bowdoin NWR, Malta, MT 22 NB 25-May-08 48.407N, 107.701W 
    Total 980 NB   
Bowdoin NWR - Ocean Lake, WY  583 SB 12-Jul-08  43.201N, 108.575W 
Ocean Lake - BRMBR, UT   356 SB 14-Jul-08  41.414N, 112.158W 
BRMBR, UT - McGill, NV   269 SB 22-Jul-08  39.638N, 114.623W 
    Total 1208 SB   
75688  
Akimiski Island, Nunavut Canada - Groton, SD 1423 SB 1-Aug-08  45.384N, 98.084W 
Groton - Long Lake NWR, ND   195 L-FS 2-Aug-08  46.683N, 99.744W 
Long Lake NWR - Albuquerque, NM  1317 SB 23-Aug-08  35.488N, 106.338W 
Albuquerque - Colorado River Delta, Sonora, MX 825 SB 25-Aug-08  31.616N, 113.955W 
    Total 3760 SB/L-FS   
75689  
N Akimiski Island, Nunavut - SE Akimiski Island 59 PB 14-Jul-08  52.655N, 80.690W 
SE Akimiski Island - SW Akimiski Island, Nunavut  42 PB 15-Jul-08  52.839N, 81.260W 
    Total 101 PB  
SE Akimiski Island, Nunavut - Gove, KS  2113 SB 10-Aug-08  38.991N, 100.166W 
Gove - Boise City, OK   326 SB 10-Aug-08  36.765N, 102.251W 
Boise City - Swisher, TX   242 L-FS 12-Aug-08  34.465N, 101.964W 
Swisher - Hart, TX    14 L-FS 14-Aug-08  34.414N, 102.077W 
Total 256 L-FS 
Hart - Colorado River Delta, Sonora, Mexico 1093 SB 24-Aug-08  31.581N, 113.985W 
    Total 3532 SB  
    Total 4044 SB/L-FS   
Colorado River Delta - Lyons, NE  1817 NB 14-May-09 41.916N, 96.536W 
Lyons - Kingsbury County, SD   264 NB 14-May-09 44.298N, 97.218W 
Kingsbury County - Ignace, Ontario, Canada 852 NB 15-May-09 50.920N, 90.357W 
    Total 2933 NB   
80794  
Akimiski Island - Lake Superior, Ontario, Canada 623 SB 28-Jul-08  48.497N, 86.732W 
Lake Superior, Ontario - Lake Superior, MN  358 SB 29-Jul-08  47.215N, 91.181W 
Lake Superior - Sully County, SD  735 SB 30-Jul-08  44.561N, 100.391W 
Sully County - Linton, ND   177 L-FS 01-Aug-08  46.251N, 100.269W 
Linton - Logan County, ND   55 L-FS 04-Aug-08  46.464N, 99.577W 
Logan County - Strasburg, ND   50 L-FS 05-Aug-08  46.110N, 100.030W 
Total 282 L-FS   
Strasburg - Fowler, CO   897 SB 16-Aug-08  38.106N, 104.151W 
Fowler - Luis Lopez, NM   338 SB 19-Aug-08  33.990N, 106.912W 
Luis Lopez - Puerto Palomas, Chihuahua, MX 246 SB 22-Aug-08  31.674N, 107.599W 
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80794 (cont.) 
Puerto Palomas - Guaymas, Sonora, MX  492 SB 02-Sep-08  27.787N, 110.593W 
Guaymas - Bahia de Tobari, Sonora, MX  93 SB 04-Sep-08  27.115N, 109.980W 
    Total 4346 SB/L-FS  
Bahia de Tobari - Yavaros Bay, Sonora, MX 56 LW 28-Oct-08  26.694N, 109.541W 
Yavaros Bay -Bahia de Tobari, Sonora, MX  56 NB 29-Apr-09  27.005N, 109.914W 
Bahia de Tobari - Reserve, NM   746 NB 20-May-09 33.673N, 108.406W 
    Total 802 NB   
80795  
Akimiski Island, Nunavut - Madison, SD  1484 SB 31-Jul-08  43.897N, 97.189W 
Madison - Stratton, CO   637 SB  01-Aug-08  39.560N, 102.509W 
Stratton - Cheraw, CO   173 SB 02-Aug-08  38.097N, 103.493W 
Cheraw - Bahia de Lobos, Sonora, MX  1286 SB 14-Aug-08  27.307N, 110.489W 
    Total 3580 SB   
Bahia de Lobos - Bahia de Tobari, Sonora, MX 51 LW 26-Dec-08  27.103N, 109.998W 
Bahia de Tobari - Pickle Lake, Ontario, Canada 2977 NB 20-May-09 51.105N, 90.266W 
Pickle Lake - James Bay, Ontario, Canada  571 NB 21-May-09 52.708N, 81.990W 
James Bay - Akimiski Island, Nunavut, Canada 75 NB 26-May-09 53.154N, 81.045W 
    Total 3623 NB   
80796    
BRMBR, UT -Ralston, Alberta, Canada  959 NB 28-Apr-08  50.502N, 111.028W 
Ralston - Tilley, Alberta   56 PB 09-Jul-08  50.391N, 111.622W 
Tilley - American Falls Reservoir, ID  802 SB 15-Jul-08  42.885N, 112.691W 
American Falls Reservoir - BRMBR, UT  160 SB 16-Jul-08  41.426N, 112.098W 
BRMBR -Needles, CA   713 SB 23-Sep-08  34.844N, 114.557W 
Needles - Ojo de Liebre, Baja, MX  727 SB 26-Sep-08  27.894N, 114.216W 
    Total 2402 SB 
84208  
BRMBR, UT - Ogden Bay, UT   26 L-SP 23-Oct-08  41.169N, 112.206W 
BRMBR, UT -Delta, UT   209 SB 16-Dec-08  39.176N, 112.545W 
Delta - Fort Mohave, AZ   472 SB 17-Dec-08  34.994N, 114.663W 
Fort Mohave - Holtville, CA   234 SB 27-Dec-08  32.870N, 115.398W 
    Total 915 SB   
Holtville - Imperial, CA   11 LW 30-Dec-08  32.893N, 115.528W 
Imperial - Salton Sea, CA   39 LW 04-Feb-09  33.174N, 115.814W 
80797  
Altamaha River Delta, GA - Wassaw Island, GA 60 LW 25-Apr-09  31.351N, 81.265W 
Wassaw Island - Tybee Island (Wassaw Sound), GA 12 LW 28-Apr-09  31.947N, 80.895W 
Wassaw Sound - Altamaha River Delta, GA  78 LW 08-May-09 31.288N, 81.282W 
Altamaha River Delta -Wassaw Sound, GA  77 LW 10-May-09 31.946N, 80.892W 
Wassaw Sound - Turtle Island, SC  13 LW 26-May-09 32.071N, 80.892W 
    Total 240 LW 
84201 
Altamaha River Delta, GA - Lincoln, IL  1146 NB 18-Apr-09  40.091N, 89.317W 
84202 
Altamaha River Delta, GA - St. Helena Sound, SC 136 LW 10-Apr-09  32.425N, 80.452W 
St. Helena Sound - Altamaha River Delta, GA 136 LW 12-Apr-09  31.309N, 81.278W 
Altamaha River Delta - St. Helena Sound, GA 136 LW 29-Apr-09  31.849N, 81.054W 
St. Helena Sound - Cape Romain NWR, SC  97 LW 01-May-09 32.989N, 79.548W 
Cape Romain NWR - St. Helena Sound, SC  97 L-SP 07-May-09 32.432N, 80.425W 
St. Helena Sound - Deveaux Bank, SC  24 L-SP 08-May-09 32.550N, 80.184W 
Total 505 LW   
    Total 626 L-SP    
84203 
Altamaha River Delta - St. Catherine's Sound, GA 42 LW 01-Dec-08  31.681N, 81.210W 
St. Catherine's Sound - Ossabaw Sound, GA  21 LW 04-Dec-08  31.842N, 81.069W 
Ossabaw Sound -Altamaha River Delta, GA  59 LW 15-Dec-08  31.309N, 81.270W 
Altamaha River Delta - St. Helena sound, SC 143 LW 30-Jan-09  32.499N, 80.438W 
St. Helena Sound - Savannah River Delta, SC 53 LW 13-Mar-09  32.066N, 80.839W 
Savannah River Delta - Port Royal Sound, SC 25 LW 11-Apr-09  32.231N, 80.678W 
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84203 (cont.) 
Port Royal Sound - Savannah River Delta, SC 25 LW 14-Apr-09  32.133N, 80.769W 
Savannah River Delta - Port Royal Sound, SC 25 LW 26-Apr-09  32.310N, 80.740W 
    Total 393 LW  
Port Royal Sound - Stronghurst, IL  1228 NB 29-Apr-09  40.685N, 90.939W 
Stronghurst - Hitchcock, SD   292 NB 01-May-09 44.593N, 98.278W 
Hitchcock -Grant County, ND   292 NB 02-May-09 46.349N, 101.063W 
Grant County - Long Lake NWR, ND  76 NB 07-May-09 46.666N, 100.188W 
    Total 1888 NB   
Long Lake NWR - Grant County, ND  76 B 10-May-09 46.363N, 101.081W 
Grant County - Long Lake NWR, ND  76 B 15-May-09 46.604N, 100.271W 
Long Lake NWR - Grant County, ND  76 B 17-May-09 46.337N, 101.139W 
    Total 228 B   
Grant County - Lehr, ND   141 PB 20-Jun-09  46.229N, 99.209W 
Lehr - Ashley, ND    18 PB 22-Jun-09  46.057N, 99.170W 
Ashley - McIntosh Wildlife Management Area, ND 13 PB 24-Jun-09  46.181N, 99.144W 
McIntosh WMA - Ashley, ND   13 PB 26-Jun-09  46.057N, 99.170W 
Ashley - McIntosh Wildlife Management Area, ND 13 PB 28-Jun-09  46.181N, 99.144W 
McIntosh WMA - Ashley, ND   13 PB 30-Jun-09  46.057N, 99.170W 
    Total 211 PB     
Ashley - St. Helena Sound, SC   2075 SB 06-Jul-09  32.436N, 80.437W 
St. Helena Sound - Port Royal Sound, SC  19 LW 07-Jul-09  32.283N, 80.553W 
Port Royal Sound - Wolf Island NWR, GA  118 LW 08-Jul-09  31.343N, 81.284W 
Wolf Island NWR - Sapelo Sound, GA  18 LW 09-Sep-09  31.548N, 81.240W 
Sapelo Sound - Ossabaw Sound, GA  38 LW 09-Sep-09  31.877N, 81.073W 
Ossabaw Sound - Wassaw Sound, GA  14 LW 12-Sep-09  31.952N, 80.938W 
Wassaw Sound - Port Royal Sound, SC  43 LW 20-Sep-09  32.329N, 80.753W 
Port Royal Sound - St. Helena Sound, SC  36 LW 22-Sep-09  32.484N, 80.392W 
St. Helena Sound - Seabrook Island, SC  24 LW 24-Sep-09  32.580N, 80.146W 
Seabrook Island - Wassaw Sound, GA  100 LW 26-Sep-09  31.943N, 80.977W 
Wassaw Sound - Ossabaw Sound, GA  14 LW 28-Sep-09  31.834N, 81.069W 
Ossabaw Sound - Altamaha River Delta, GA 59 LW 01-Oct-09  31.343N, 81.284W 
Altamaha River Delta - Ossabaw Sound, GA 58 LW 23-Oct-09  31.842N, 81.049W 
Ossabaw Sound - Altamaha River Delta, GA 58 LW 31-Oct-09  31.316N, 81.293W 
Altamaha River Delta - St. Catherine's Sound, GA 47 LW 20-Nov-09  31.751N, 81.198W 
    Total 646 LW   
84204  
Altamaha River Delta - St. Catherine's Sound, GA 47 LW 30-Dec-08  31.707N, 81.096W 
St. Catherine's Sound - Ossabaw Sound, GA  21 LW 03-Jan-09  31.854N, 81.066W 
Ossabaw Sound - St. Catherine's Sound, GA  21 LW 05-Jan-09  31.737N, 81.117W 
St. Catherine's Sound - Ossabaw Sound, GA  21 LW 12-Jan-09  31.850N, 81.064W 
Ossabaw Sound - Altamaha River Delta, GA 64 LW 16-Feb-09  31.286N, 81.308W 
Altamaha River Delta - Sapelo Island, GA  14 LW 05-Mar-09  31.442N, 81.231W 
Sapelo Island - Altamaha River Delta  14 LW 07-Mar-09  31.342N, 81.299W 
Altamaha River Delta - Sapelo Island, GA  14 LW 14-Mar-09  31.448N, 81.214W 
Sapelo Island - Altamaha River Delta  14 LW 18-Mar-09  31.311N, 81.269W 
Altamaha River Delta - Sapelo Island, GA  14 LW 23-Mar-09  31.454N, 81.256W 
Sapelo Island - Altamaha River Delta  14 LW 27-Mar-09  31.317N, 81.248W 
Altamaha River Delta - Sapelo Island, GA  14 LW 01-Apr-09  31.434N, 81.224W 
Sapelo Island - Altamaha River Delta  14 LW 07-Apr-09  31.318N, 81.287W 
Altamaha River Delta - Sapelo Island, GA  14 LW 10-Apr-09  31.441N, 81.234W 
Total 300 LW  
Sapelo Island - Delta, MO   953 NB 13-Apr-09  37.197N, 89.713W 
Delta, MO - Hand County, SD   1087 NB 15-Apr-09  44.717N, 99.235W 
Total 2040 NB  
Hand County - Miller, SD   40 PB 04-Jun-09  44.361N, 99.113W 
Miller, SD - Hand County, SD   40 PB 06-Jun-09  44.729N, 99.270W 
Total 80 PB  
Hand County - Arlington, NE   408 SB 08-Jun-09  41.491N, 96.278W 
Arlington, NE - Shelbina, MO   417 SB 08-Jun-09  39.629N, 91.989W 
Shelbina - Altamaha River Delta, GA  1261 SB 10-Jun-09  31.306N, 81.270W 
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84204 (cont.) 
    Total 2086 SB   
Altamaha River Delta - Ossabaw Sound, GA 63 LW 05-Sep-09  31.849N, 81.062W 
Ossabaw Sound - Altamaha River Delta, GA 63 LW 17-Oct-09  31.329N, 81.269W 
Altamaha River Delta - Ossabaw Sound, GA 63 LW 20-Oct-09  31.870N, 81.065W 
Ossabaw Sound - Altamaha River Delta, GA 63 LW 11-Nov-09  31.314N, 81.247W 
Altamaha River Delta - Ossabaw Sound, GA 63 LW 16-Nov-09  31.858N, 81.049W 
    Total 315 LW   
84205 
Altamaha River Delta - Sapelo Island, GA  14 LW 17-Feb-09  31.429N, 81.242W 
Sapelo Island - Altamaha River Delta, GA  14 LW 20-Feb-09  31.300N, 81.281W 
Altamaha River Delta, Sapelo Island, GA  14 LW 28-Feb-09  31.449N, 81.247W 
Sapelo Island - Altamaha River Delta, GA  14 LW 04-Mar-09  31.316N, 81.274W 
Altamaha River Delta -Sapelo Island, GA  14 LW 07-Mar-09  31.438N, 81.267W 
Sapelo Island - Wolf Island NWR, GA  9 LW 12-Mar-09  31.352N, 81.284W 
Wolf Island NWR - Altamaha River Delta, GA 6 LW 13-Mar-09  31.308N, 81.283W 
Altamaha River Delta - Sapelo Island, GA  14 LW 16-Mar-09  31.446N, 81.242W 
Sapelo Island - Altamaha River Delta, GA  14 LW 22-Mar-09  31.309N, 81.261W 
Altamaha River Delta - Sapelo Island, GA  14 LW 27-Mar-09  31.470N, 81.227W 
Sapelo Island - Altamaha River Delta, GA  14 LW 31-Mar-09  31.314N, 81.283W 
Altamaha River Delta -Sapelo Island, GA  14 LW 04-Apr-09  31.453N, 81.240W 
Sapelo Island - Altamaha River Delta, GA  14 LW 12-Apr-09  31.310N, 81.280W 
    Total 169 LW  
Altamaha River Delta - Evans County, GA  100 NB 26-Apr-09  32.194N, 81.957W 
Evans County, GA - Washington County, GA 100 NB 26-Apr-09  32.884N, 82.719W 
Washington County - Sterling, IL  1082 NB 26-Apr-09  41.635N, 89.657W 
Sterling, IL - Clinton County, IA   76 NB 28-Apr-09  41.965N, 90.523W 
Clinton County - Delaware County, IA  80 NB 28-Apr-09  42.370N, 91.392W 
Delaware County - Buchanan County, IA  33 NB 28-Apr-09  42.555N, 91.730W 
Buchanan County - Chickasaw County, IA  80 NB 28-Apr-09  43.056N, 95.521W 
Chickasaw County - Freeborn, County, MN   92 NB 28-Apr-09  43.564N, 93.503W 
Freeborn County - Waseca County, MN  45 NB 28-Apr-09  43.967N, 93.588W 
Waseca County - Plaza, ND   742 NB 29-Apr-09  48.078N, 101.880W 
    Total 2768 NB   
Plaza - Martin County, MN   706 SB 20-Jun-09  43.526N, 94.664W 
Martin County - Black Hawk County, IA  225 SB 20-Jun-09  42.322N, 92.233W 
Black Hawk County - Muscatine County, IA  136 SB 20-Jun-09  41.570N, 90.805W 
Muscatine County - Macon County, IL  224 SB 20-Jun-09  39.872N, 89.080W 
Macon County - Jackson County, IN  281 SB 20-Jun-09  38.775N, 85.920W 
Jackson County - Altamaha River Delta, GA 879 SB 21-Jun-09  31.316N, 81.257W 
    Total 2451 SB 
___________________________________________________________________________________________  
L-SP = Local Spring movement, L-FS = Local Fall Stage, LW = Local Winter, NB = 
Northbound, SB = Southbound, PB = Post Breeding, B = Breeding    
   
   
